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Characteristics of Ozone Episodes during SCCCAMP 1985

. STEVEN R, HANNA
Sigma Research Corporation, Westford, Massachusetts
{Manuscript received 14 Febroary 1990, in final form 27 July 1950)

ABSTRACT

Eatensive meteorological and air chemistry measurements were obtained along the Ventura and Santa Barbara
county coastal areas in California during four 2-3 day case studies conducted during the & ber-October
1985 South-Central Coast Cooperative Aerometric Monitoring Program {SOCCAMP 1985). An overview of
the characteristics of ozone episodes during ihess four cass studies is given, showing that the episodes are
associated with warm, high pressure systems with light winds, In the absence of easierly winds, the clserved
ozone in the region is primarily due 1o local sources. At other times, easterly wind components trausport ozone
and jts precursors from large source regloas to the cast {i.¢., Los Angeles County). This transport sometimes
occurs in inland valleys at elevations up to 6§00 m, and sometimes oceurs aver the ocean aear the surface. Local
sea breezes, mesoscale eddies, and terrain-generated winds often cause complex Aow patterns and recirculation

of pollutants,

1. Introduction

The objective of the South-Central Coast Coopera-
tive Aerometric Monitoring Program (SCCCAMP
1985) was to provide an extensive database to be used
for analyzing the causes of ozone formation in the re-
gion. The SCCCAMP region consists of the counties

of Ventura and Santa Barbara and is located imme-

diately to the west of Los Angeles County. Figure |
contains a map of the region, showing the topopraphy
and the major geographic features. The entire region,
with the exception of the northern parts of Santa Bar-
bara and Ventura counties, exhibits numerouns days
with exceedances of the i-h regulatory standard (120
ppb) per year. The air poliution potential in the region
is high due to high temperatures, cleéar skies, limited
vertical mixing, light and variable winds, and blocking
by mountains, There are many significant local air
pollution sources in the region, although the sources
in adjacent Los Angeles County are much larger, Geo-
genic oil and gas that seep into the area emit methane
and other gases into the atmosphere. In addition, there
are 25 oit and gas platforms in the channel area with
about five more platforms planned in the next decade.
In fact, the overall SCCCAMY study is driven by the
need to answer the guestion whether the planned oil
and gas platforms will adversely affect local air quality.

Previous data collection efforts in the region were
lacking one or more important components. It was
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decided to conduct a major five-week field study
{SCCCAMP} in September and October 1985, to pro-
vide a comprehensive database for the developmeat
and evaluation of photochemical simulaton models
{Dabberdt and Viezee 1987). There were two types of
measurements: * 1} roufine measurements taken

throughout the five-week period, and 2) intensive =

measurements taken only during the four 2-3 day in-
tensive case study periods, which were selected on the
basis of daily forecasts of weather and air pollution
potential, Routine data are listed in the following:

» standard National Weather Service (NW5) ob-
setvations, '

» A mesoscale network of wind observations,

* Mixing-depth observations by 11 Doppler Acous-
tic Wind Sounders (DAWS),

+ Surfice air chemistry at many sites.

Intensive case study data included the previous Hst,
plus the special data listed in the following:

« wind data over the channel from a dual-Doppler
radar system. .

* Mixing depth observations by four aircraft,

* Aerometric gbservations by three aircraft.

« Tracer gas releases and tracking by means of air-
craft and a network of surface monitors,

All data have been placed in a consistent data archive
that is made available through the National Technical
Information Service (NTIS),

Detailed descriptions of the data collection efforts

during the intensive case study periods are given by
Dabberdt and Viezee { 1987) and Viezee et al. {1987),
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FiG. 1. Topographic map of SCCCAMP region, with a few major towns and cities and geographic features shown (from Dabberdt
and Viezee 1987). Los Angeles County is adjacent to the eastern part of this map. Contour elevations are given in meters.

and a summary is given by Hanna et al. (1991) in the
first paper in this special issue. Additional discussions
of the data and the results of various data analysis pro-
jects can be found in other papers in this issue. For
example, the results of the tracer experitents are de-
seribed by Strimaitis etal. (1991).

This paper presents an overview of analyses of the -

data from the four intensive case study periods. First,
graphs and tables of meteorological and air chemistry
observations are presented for the entire five-week pe-
riod, illustrating typical variations in these parameters
with time and geographic location. Similarities and dif-
ferences among the four intensive case study periods
are illustrated. Then the intensive case studies are dis-
cussed individually, covering the various components
of the study, including the characteristics of transport,
dispersion, and air pollution concentrations and fluxes
during the period. Emphasis is on identifying meteo-
rological conditions -associated with high ozone con-
ceuatrations.

2. Overview of characteristics of five-week SCCCAMP
1985 experiment

Before describing the four individual case studies, it
is instructive to present some graphs illusirating the
variation of observed parameters during the entire five-
week period: Figure 2 iHustrates the day to day variation
of mixing depth, wind direction, and 850-mb temper-
ature in the region, and Figure 3 illustrates the con-
current variation of ozone concentrations at several
stations ( Dabberdt and Viezee 1987). It is seen in Fig.

~ 2 that relatively ¢ool air with high mixing depths and
westerly flow accurred during most of the period, es-
pecially during the first two weeks of the experiment,
However, during the four case study periods the air
~warmed by 5°-10°C, the mixing depth dropped to 300
m or less, and the flow at elevations of a few hundred
meters turned to the east. The time series in Fig, 3 of
the daily maximum hourly ozone concentrations at
the surface at coastal and inland sites show a general
increase in ozone concentrations by a factor of two or
more during the case study periods. Figure 4 continues
this analysis by presenting time series of daily ozone
maximum for three different pairings of stations,
showing differences in ozone concentrations with re-
spect to west to east position on the coast (top), to
offshore and inland position {middle), and to sea-level
or mountaintop elevation (bottorn). The monitor sta-
tion locations are given in Fig. 1. It is seen that case
study period 4 (2-4 October) was different from the
other three periods in the sense that the air mass con-
faining ozone pollution was located at low levels over
the water in period 4. In contrast, during the other
periods, the ozone concentrations tended to be higher
inland than offshore, and higher on the mountaintops
than at sea level, It is interesting that the peak concen-

trations along the coastline during each case study pe- .

riod show little varation from west to east, although
the time duration of high concentrations is shorter in
the western portion of the region, probably due to its
greater distance from the pollution source region.

It is useful to attempt to determine causalities during
the SCCCAMF 1985 period. For example, even though
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FiG. 2. Daf.ly variation of mixing depth (MDD} and 850-mb temperature (T') at Yandenberg
(western portion of region ) and morning wind direction (WE) at Laguna Peak (450 m MSL in
!he eastern pertion of the region}; shading indicates periods with easterly wind component, The
infensive case study pediods are indicated by numbers 1, 2, 3, and 4, Figure taken from Dabberde

and Viezee { 1987).

high ozone concentrations are known to be well cor-
related with high §50-mb temperature, it is not the
high 850-mb temperature alone that is causing the de-
velopment of high ozone concentrations. Rather, the
high 850-mb temperature is often an indicator of sub-
siding air in a high pressure system, which is usually
associated with low mixing depths and clear skies and
sometimes associated with warm air advection, In ad-
dition, high ozone concentrations in Santa Barbara
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Fici. 3. Daily variation of maximuem hourly surface concentration.
Goleta i on the toast just west af Santa Barbara. Ventura is on the
coast in the middie of the regien, Ojai is in an inland valley about
15 km from Ventura, and Simi iz in another inland valley about 25
km from the coast in the eastern past of the region. The intensive

. case study periads are indicated by the numbers 1, 2, 3, and 4. Figure
takcn from Dabberdt and Viezee (1987).

County have been found to be correlated with pressure
gradients that would suggest a wind from the southeast.

Analyses of the ozone concentration time series at
Goleta (representative of coastal sites in the region)
and the generat synoptic conditions in the region during
the five-week SCCCAMP 1985 period show that the
ozone episodes during the SCCCAMP period occur
during synoptic sitvations characterized by tropical
cyclones approaching from the southeast, preceded by
clear skies with high pressure, and usually followed by
cloudy conditions. According to Cross (1988), there
are typically four tropical cyclones, on the average, in
the eastern North Pacific during the month of Septem-
ber, and their influence is often felt in southern Cali-
fornia. The synoptic pattern of cold fronts advancing
from the west, followed by clear skies, calm winds, high

pressure, and occasionally punctuated by tropical cy-

clones advancing from the southeast is typical of Sep-
tember conditions on the east ¢coast of continents in

““horse latitudes” between the extratropical westerlies

to the north and tropical easterlies to the south.

In a typical “idealized” 2-3 day ozone episode during
SCCCAMP 1985, the first day is marked by high pres-
sure with clear skies, light winds, low mixing depth,
and high 850-mb temperature, allowing the build up
of ozone in the area around local sources. The second

day is marked by similar meteomloglcai conditions, -

except that easterly winds begin to increase in the region
marked by warm air advection on the northern frihges
of an appreaching tropical storm. On the- third day,
easterly winds spread over much of the region causing
transport of polluted air masses, The episode ends when
cloudiness removes the possibility of ozone formation
and associated vertical mmng causes dilution of the
polluted air.
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In order to illustrate the variation of mixing depth 800 - _ J
and vertical stability during the five-week period, a time L |
series of afternoon temperature profiles observed by €00 - —
the Point Mugu (coastal) radiosonde is given in Fig. = .
5. Continuity in the mixing depth and its rate of change Lk i T IS N S LA AR Y
can be seen from day to day, and the figure verifies
that the case study periods, with high ozone concen- TEMPERATURE

trations, are related to time periods with low mixing
depths and stability in the lower atmosphere, If there
were room on the figure to plot wet-bulb temperature
profiles, the subsidence inversion development prior
to the case study periods would be more obvious. Gen-
erally the wet-bulb temperature decreases rapidly with

FiG, 5, Radiosonde temperature soundings in midafterncon from
Point Mugu (except Vandenberg on 14-15 September, 21-22 Sep-
tember, 23-29 September, and Loyola on 5 October). The Loyola
station is Jocated near the coast just off the eastern edge of the map
in Fig. 1, The temperature scale is 20°C between the 1all hatches on
the horizontal axis. Dates are indicated 2t the top of each sounding,
and case study dates are bracketed. :
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luied air mass appears to have been blocked by the
mouirtains and was forced to follow a coastal or over-
water trajectory. The relatively intense stability during
the last case study is not evident in the Point Mugu
soundings in Fig. 5, but can be better seen looking at
the average mixing depth over the region as measured
by many types of sounding devices (Baxter 1991;
McElroy and Smith 1991).

3, Characteristics of case study I, 11-13 September
1983

The period between 11 and 13 September 1985, in-
cludes the only ozone ¢pisode that ocourred during the
first three weeks of the SCCCAMP experirent, exeept
for 1113 September this period was generally char-
acterized by an upper-level trough over the region and
relatively frequent cloudiness and above-normal ver-
tical mixing. However, on 11 and 12 September high

pressurc moved into the region with accompanying

subsiding air, clear skies, and light to moderate winds.
The Point Mugu soundings in Fig. 5 show the shallow
mixing depth and the subsidence inversion, The build
up of photochemical pollutants on 11 September and
part of 12 September appears to be caused mostly by
local sources. -

Starting on 12 September, easterly winds aloft grad-
ually spread into the region due to a tropical cyclone
approaching from the southeast, resulting in some ad-
vection of pollutants into the SCCCAMP region from
the Los Angeles basin. However, westerly winds per-
sisting in the western part of the region did not atlow
the advected air mass to pass very far beyond Ventura

"County. This situation continued through 13 Septem-

ber and the early part of t4 September, after the weak
cold front passing through the region from the north-
west broke up the episode through its strong vertical
mixing and westerly winds. The synoptic situation that
has just been discussed is pictured by the surface map
and satellite photograph shown in Fig. 6. The cold front
in northern California and the tropical storm near the
southern edge of the figure are seen fo be associated
with extensive cloud shields.

The wind ficld patterns produced by a diagnostic
wind apalysis, based on interpolation of observed
winds, are shown in Fig. 7 for local times of 0600 and
1200 PDT on 13 September { Kessler et al, 1989). An
elevation of 300 m AGL is chosen for presentation
because aircraft observations verify that this episode
was characterized by high ozone concentrations and
advection at that level, Surface wind field patterns were

_also produced by the diagnostic analysis, but showed

much more variability than the 300-m patterns due to
the influence of loeal terrain. These 300-m wind fields
have the following t_:haractezistics:

» northerly wind components are observed over the
western part in the region in the ocean off Points Ar-

-guelio and Conception throughout the period,

e southwesterly flow (i.c., a sea breeze) is dbserved
along the coast east of Santa Barbara at midday ( 1200
PDT), and

» easterly flow is observed along the coast and inland
east of Point Conception at Iate night (0600 PDT).

The daily ozone concentration time series for the
stations in Figs. 3 and 4 show that concentrations began
increasing on 12 September, and that the 120 ppb
standard was exceeded at some inland and mountain-
{op siations on 13 September. This band of high con-
centrations did not extend to the western part of the

. region, however {e.g., the Goleta data in Fig. 3). Con-

centrations were not guite as high on 14 September
and then returned to lower values on 15 September
following the cold front passage. Aircraft observations

indicated ozone concentrations in the early afiernoon

on 13 September over Ventura County exceeding 200
ppb around 300-400 m above the surface, althouph
surface concenfrations were much lower {about 60
ppb). The evidence suggests that this material may have
been advected into the study region along the coast
from the southeast. As the mixing layer grew over land
during the morning, some of the pollutants in the el-
evated layer were mixed to the surface. The highest
concentrations in the midafternoon (1500 LST) oc-
curred on efevated coastal terrain, although lower ele-
vation locations in Ventura County such as Simi Valley
observed ozone concentrations in excess of 160 ppb.
As discussed by Killus and Moore {1991), the hydro-
carbon sampling during the afterncon indicated the
presence of both aged urban air and geogenic/ fogitive
air masses over Ventura County (geogenic/ fugitive re-

fers to naturatly occurring HC seep emissions and fir-

gitive HC emissions from oil and gas processing facil-
ities). Halocarbon concentrations of compounds such

as Fy; (a surrogate of Los Angeles pollution) were el- -

evated, suggesting that some of the pollution had been
advected from that region. There were no exceedances
of ozone air quality standards ( 120 ppb) in Santa Bar-
bara County throughout the whole episode: During the
afternoon, aircraft observations indicated only mod-
erate ozone concentrations aloft over Santa Barbara
with no evidence of concentrations greater than 120
ppb. During the evening the aircraft data indicate that
the ozoneladen air mass at an elevation of a few
hundred meters over Ventura County drifted out over
Santa Barbara and the channel, but it was so late in
the day that there was insufficient vertical mixing to
bring it down to the surface. )

The results from the tracer experiment that was con-
ducted during the first case study period are consistent
with the general features of the wind field and ozone
observations (Strimaitis et al. 1991). For exampile, re-
leases of two types of tracer gas were made from plat-
form Hoendo, in the western part of the Santa Barbara
Channel, in the early morning on 13 September. The
tracer clouds were observed to move onshore with the
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sea breeze during the day and then moved offshore
with the land breeze in the evening. Another tracer
release took place from R/V Acania off Government
Peint in the western part of the region, but this tracer
was caught in the northwesterly flow over the ocean
and was advected to the south and east of the
SCCCAMP region.

4. Characteristics of case study 2, 20-21 September

Case study 2, including 20 and 21 September, was
associated with a transition between the upper-level
trough that covered the SCCCAMP region during the
first part of September and the upper-fevel ridge that
formed for the remainder of the five-week study. A
surface high with associated low mixing depth and
strong subsidence inversion (see the vertical temper-
ature profiles in Fig. 5) was centered over the region.
No major easterly flow patterns developed during this
case study period. The synoptic situation during case
study 2 is pictured in Fig. 8, showing the usual persis-
tent northerly flow component at the surface over the
ocean and the light winds at the ¢oastal stations. Hur-
ricane Terry is visible on the satellite photograph as a
spiral of clouds at a location off the tip of Baja Cali-
fornia. The storm is not yet near enough to influence
the winds in the boundary layer in the SCCCAMP re-
gion, and the 300-m wind velocities on the interpolated
observed wind field displayed in Fig. 9 show the influ-
ence of the sea- and land-breeze cycle along the Sanfa
Barbara and Ventura coastal region. Channeling ofthe
flow by the coastal mountains can be seen in most
regions, ‘

Moore et al. (1991 ) state that on 21 Septemnber, the
nitrous oxide (NO) and nitrous dioxide (NO:) con-
centrations in the early morning were typical of those
from isolated and local influences (e.g., isolated morn-
ing NO maximum at Santa Barbara and Simi Valley).
The morning peak NO; concentration at Simi Valley
was only 40 ppb. Areawide carbon monoexide (CO)
concentrations were not significantly elevated on either
day of the episode, suggesting a lack of transport from
Los Angeles. The peak concentrations occurred pri-
marily at sites in Santa Barbara located near main
roads, due to emissions from local traffic,

Because this period was marked by a typical diurhal
sea- and land-breeze cycle and the general offshore flow
was out of the northwest, this case study period was

- the mildest of the four case study periods in terms of
peak ozong concentrations. For example, ozone con-
centrations in Santa Barbara did not exceed 70 ppb
during the whole episode. The maximum ozone con-
centrations occurred over a broad region of the inland
portion of Ventura County, but were limited on both
days to 60-100 ppb, which is below the air quality
standard of 120 ppb. Aircraft spirals made during
20 and 21 September revealed only slightly elevated
(40-70 ppb) ozone concentrations aloft. During the

morning of 21 September there was actually a signifi-
cant ozone depletion over the first 800 m above the
surface due to chemical reactions with NO,. The ozone
concentration time series at individuat monitoring sta-
tions during case study period 2 were similar to those
during case study period 1, as seen in Fig. 4. Offshore
concentrations were about 60%-70% of inland con-
centrations, and low-level concentrations were about
50% of those on mountaintops.

The fixed and aircraft hydrocarbon observations
showed relatively clean air offshore [maximum non-
methane hydrocarbon (NMHC) < 100 ppb] on both
days (Killus and Moore 1991}, Other sampling sites
showed an influence of local emissions of hydrocar-
bons, with no evidence of large contributions of hy-
drocarbons from distant source regions.

The tracer clond movements for early moming re-
leases on 20 September from an offshore platform in
the western portion of the region and from the Man-
dalay power plant site (along the eastern coast) agree
with the observed wind fields ( Strimaitis et al. 1991).
The tracer release from the platform moved offshore
briefly in the early morning when it was still influenced
by the fand breeze, then came onshore with a south-
westerly sea breeze during the later morning and af-
ternoon. During the night, it was transported back out

‘to sea by the land breeze, The release from the Man-

dalay power plant followed the same pattern, but was
advected out of the region to the east by the next day.

It can be concluded that case study period 2 pro-
duced the least serious air pollution concentrations of
the four case studies, with most of the ozone observed
in the SCCCAMP region generated by local sources.
The region was dominated by moderate high pressure
with a subsidence inversion and typical sea- and land-
breeze patterns. .

5. Characteristics of exse study 3, 23-25 Scptember

A significant ozone episode occurred in the region
during case study 3 on 23-25 September as shown by
the ozone concentration time series in Figs. 3 and 4.
High pressure with subsidence and a typical sea-breeze
cycle was followed by light easterly flow on the northern
reaches of Tropical Depression Terry. Consequently,
the polluted air mass that occupied the mixed layer in
the eastern part of the region (Le., the Los Angeles
basin ) was advected over the western part of the region
by the second day of the episode, It also should be
mentioned that case studies 2 and 3 are both part of a
several~day ozone episode, and that ozone was contin-
vally building up in the region from 20 through 24
September. Figure 10 displays the surface weather map
and the satellite photograph for 24 September, There
were many clouds around the storm, which was cen-
tered about 400 km to the south-southwest of the
SCCCAMP region, but the SCCCAMP region itself re-
mained in clear air. The Los Angeles surface temper-
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ature and 850-mb temperature on this day were the
highest recorded during the month. The combination
of low mixing depths, high temperatures, clear skies,
and light casterly winds was ideal for ozone formation
throughout the SCCCAMP region,

The interpolated observed wind field at the 300-m
elevation is shown in Fig, {1 for 0600 and 1200 PDT
on 24 September. On the previous day, the usual north-
to-northwest flow persisied in the western part of the
domain, with light southerly or easterly flow in the
eastern part. The sea- and land-breeze cycle was more
evident on the 23d. As shown in Fig. 11, by 1200 PDT
on the 24th moderate easterly winds covered nearly all
of the domain. The episode ended abruptly on 25 Sep-
tember as air marked by cloudy skies with increased
vertical mixing entered the region. The time series of
radiosonde soundings in Fig. 5 also itlustrate the change
in vertical mixing potential, showing a strong subsi-
dence inversion on 23 and 24 September, and a deep-
ening well-mixed layer on 25 through 27 September.

Qzone concentrations at the surface in Ventura
County on the 23d were about 60 ppb at 0800 PDT
in the morning ( Moore et al. 1991}. At the same time,
the local NO maxima at Santa Barbara and Simi Valley
were already twice the concentrations observed during
20 and 21 September (Simi Valley > 150 ppb). By
1300 PDT a broad range of ozone concentrations in
excess of the air quality standard (120 ppb) was ob-
served throughout Ventura and Santa Barbara coun-
ties. The band of maximum concentrations extended
westward from Simi Valley, where the areawide peak
concentration was observed. Peak ozone concentra-
tions occurred during the next two hours. In some in-
land and elevated areas the high ozone concentrations
persisted until after 1700 PDOT,

Nonmethane hydrocarbon {NMHC) concentrations
offshore during 23 September were about 250 ppb or
larger during the moming, but dropped to clean air
ievels during the afternoon as a result of both chemical
breakdown and the sea breeze {Killus and Moore
1991). In interior repions of Ventura County the
NMHC concentrations systematically increased during
the day, reaching a value of 1068 ppb by 1500 PDT at
El Rio. The aircraft flights showed substantial daytime
increases of ozone up to a height of 1500 m in the
interior of Santa Barbara County. Aircraft spirals
offshore indicated that ozone concentrations of up to
150-200 ppb were encountered in the 200-400 m layer
during the afternoon. This layer was cut off from the
surface because it was very stable with limited vertical
mixing.

During the morning of 24 September the surface
ozone concentrations were not unusually large, but
orone concentrations of 60 ppb found at stations on
clevated terrain, such as Laguna Peak, suggest that high
ozone concentrations existed aloft, Moore et al. (1991)
point out that the surface ozone concentration rapidly
increased throughout the day, with exceedances of the
ozone standard occurring at 1300 PDT at Santa Bar-

bara and half a dozen sites in Ventura County. Most
of these exceedances were found in the southeast corner
of the SCCCAMP study region. By 1500 PDT the
maximum ozone concentrations occurred in Santa
Barbara County and western Veatura County with
maxima of 180-200 ppb, Later the ozone maximum
moved further west to the Santa Ynez airport.

On 24 September, CO concentrations at inland sites’

such as Ef Rio reached 1000 ppb during the afternoon,
the highest reading during the whole episode. The
chlorofluorocarbon- 12 concentrations (an indicator of
an urban air mass) also reached their highest levels
during the afternoon of the 24th (800 ppt versus a
regional background of 500 ppt). Similar peaks in sev-
eral other inert tracers suggest that air from a distant
region with higher background levels of these tracers
may have been contributing to the local observed con-
centrations.

The ozone levels aloft increased substantially during
24 September from an initial 100 ppb to, 150-200 ppb
{Moore et al. {991). Over land, the layer with the
greatest ozone concentrations extended from the sur-
face to a mixing height of about 800 m over Ventura
County. Over water, the layer with high ozone con-
centrations extended from 100 to 500 m. At the water
surface, observed ozone concentrations were not par-
ticularly high, suggesting that there was little downward
mixing from the stable air mass aloft. During case study
3, as during case studies 1 and 2, ozone concentrations

‘tended to be as high on coastal mountaintops as in

nearby inland valleys and tended to be higher inland
than offshore (see the ozone concentration time series
in Fig. 4). Case studies | and 3 each showed shoreline
ozone concentrations higher in the eastern part of the
domain on the first day of the episode, followed by
nearly eqnal valoes on the second day of the episode.
Presumably this equalization was caused by the ad-
vection of pollutants from east to west due to easterly
winds on the second day.

Tracers were released in the early morning of 24
September from an offshore oil platform in the western
part of the region and from an aircraft at 600-m ele-
vation over the San Fernando Valley (Strimaitis et al.
1991). By midmorning, the release from the ofishore
oil platform was advected onshore by southeasterly
winds, and the release from the aircraft was carried to
the west in the easterly wind flow evident in Fig. 11.
The interpolated observed surface wind field pattern
for this period does indicate south winds near the oil
platform in the afternoon, in agreement with the ob-
served tracer trajectory.

It can be concluded that case study period 3 was
representative of an ozone episode in the SCCCAMP
region. The episode began with a day dominated by a
high pressure system with subsidence, clear skies, hot
temperatures, and light winds. As a result, ozone con-
centrations increased due to local sources on the first
day of the episode. However, advection from the east-

ern-part of the region on the second day led to high
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ozone concentrations resulting from emissions from a
combination of local and distant sources. The advec-
tion occurred along both the coastal and inland paths
and extended vertically to heights of sevéral hundred
meters. By the end of the episode, high ozone concen-
trations reached Santa Ynez, but did not penetrate very
much into the Vandenberg/Lompoc area in the far
western part of the region. The episode ended as clouds
from Tropical Siorm Terry entered the region.

6. Characteristics of case study 4, 2-4 October

The fourth case study period, on 2-4 Qotober, was
the most unusual of the four since very low mixing

depths and easterly winds resulted in advection of pol-

lutants from the Los Angeles basin out over the ocean
and low-lying coastai plains. This advected air mass
combined with local sources to cause ozone observa-
tions to exceed National Ambient Air Quality standards
in the SCCCAMP region (see the ozone time series in
Figs. 3 and 4). The highest concentrations of the entire
SCCCAMP period were observed at most offshore and
coastal stations during case study 4, and these high
concentrations extended over the westernmost moni-
toring locations. Ozone concentrations were relatively
low at inland and mountaintop monitors. As in the
previous three case studies, this case study was asso-
ciated with a tropical depression approaching from the
south. '
The surface weather map for 1700 PDT 3 Qctober
in Fig. 12 shows high pressure over the ocean to the
northwest and a tropical depression over the ocean
several hundred kilometers to the south. The cyclonic

motion around the tropicdl depression is very evident

in the satellite photograph, which suggests that a broad
cloud bank exists just to the south of the SCCCAMP
region. In fact, these clouds spread over the region on
4 October, causing increased vertical mixing (see the
radiosonde time series in Fig. 5) and resulting in a
reduction of ozone concentrations in the polluted air
mass that had hugged the shoreline during the previous
two days.

On 2 October dominant northwest winds persisted
over the Vandenberg area and over the ocean off Point
Arguello (Kessler et al. 1983). Farther to the east on
this day the winds were light out of the northeast. The
interpolated observed wind fields at a nominal height
of 300 m are plotied in Fig. 13 for times of 0600 and
1200 PDT 3 October. As seen in the figure, on 3 Oc-
tober the entire domain was covered by winds with a
component from the east, even overpowering the ten-
dency towards northwest flow off Point Arguello. Co-
incidentally, this is the only day during the five-week
SCCCAMP period that ozone concentrations exceaded
00 ppb at Vandenberg, at the far western edge of the
domain. ) .

Because the mixing heights were very low during the
2-4 October episade ( Baxter 1991), there was a buildup

of local emissions of halocarbons and hydrocarbons
along the California coastal region on 2 October and

‘on the coast and offshore on 3 October. An casterly

wind early in the morning of 3 October appeared to
move a large pool of polluted air trapped near the sur-
face out into the ocean off Los Angeles. Moore et al.
(1991} peint out that aircraft observations on 3 Qctober
suggest that this reservoir of polluted air was then
moved to the northwest by southeasterly winds during
the day. According to surface ozone observations, this
air mass extended at least as far southwest as San Mi-
guel, Air chemistry observations suggest that substantial
amounts of halocarhon-enriched air moved into the
study region from the south at elevations of 100-200
m, Halocarbon (Fy;) concentrations, which were found

to have the least time or spatial variability of all the

air chemisfry measurements, nearly doubled from the
nonepisode background values to rival those typically
observed in Los Angeles (Hester et al, 1974). During
3 October the hydrocarbon speciation most closely re-
sembled that of an urban environment (Moore and
Killus 1991). However, the hydrocarbon data suggested

that in addition to the aged urban component, there’

seemed to be a competing geogenic/fugilive compo-
nent, The net result was that some of the largest
NMHC/NO, ratios of all the episodes were observed.

‘Aircraft observations verified that this polluted air
mass was shallow, extending only up to 200 m (Moore
et al. 1990). In the late aflernoon on 3 October the
ozone-enriched air moved into the coastal regions of
both Santa Barbara and Ventura counties. Because of
the structure of the sea breeze on that day, the ozone-
enriched air mass did not penctrate very far inland,
and, therefore, did nof significantly increase ozone
concentrations aloft over the interior of either Santa
Barbara or Ventura counties, High coastal ozone con-
centrations were observed by the aircraft along the en-
tire coastline as far west as Point Conception,

As shown by Strimaitis et al. (1991), the observed
movement of tracer clouds agreed with the above wind
field and ozone interpretations, since the tracer clouds
also tended to hug the coast and move generally from
east to west. For example, the tracer clouds that were

released from the surface near the Mandalay power -

plant and from platform C on the previous afternoon
were observed along the shoreline between Gaviota and
Point Dume in the early morning on 3 Qctober, These
clouds were being advected by the easterly flow, which
was being augmented by the land breeze in the early
morning, .

It is concluded that the episode detected during case
study 4 was primarily caused by the advection of a
shallow mass of polluted air by easterly flow from the
Los Angeles basin into the Santa Barbara Channel,.
High ozone concentrations over the water and along
the shoreline were, therefore, mostly due to distant
sources. Moderate ozone concentrations observed in
inland valleys were probably due to local sources, since
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FIG. 12, Surface weather map { 1700 PDT) and satellite photograph (2100 FDT, 4 km, IR) for 3 October 1985 (from Viezes et al. 1987). The SCCCAMP region.
is marked by an “8.” The spiral of clouds around the tropical depression is seen in the satellite photograph.
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the polluted air mass was not able to penetrate past the
first coastal range. )

7. Summary of four intensive case study periods

The previous sections have descnbed the detailed
results of the four intensive case study periods. A brief
summary of each of the four intensive case study pe-
riods is given in the following text.
a. Case study 1, 11-13 September
_ The 120-ppb ozone standard was exceeded at some
inland and mountaintop stations in Ventura County

on 13 September. This case study is an example of an

episode caused partly by the emissions from local
sources when the region is under the influence of a
stable high-pressure system, and partly by polluted air
advected from source regions to the east (i.c., Los An-
geles). Typical sea-breeze recirculation patierns existed
on 12 September. This flow pattern was slightly per-
turbed on 13 September by a southeasterly flow in the
castern. part of the region, resulting in the advection
from the Los Angeles area of a pollution tongue with
ozone concentrations of about 200 ppb at a height of
300-400 m above the surface. This polluted air mixed
down 1o the surface in inland areas of Ventura County.
The episode ended on 14 September as a cold front
passed through the region.

b. Case study 2, 20-21 September

No ozone exceedances were observed during this case
study, which was similar to the first case study, with
the exception that no significant easterly flow developed
aloft, A typical sea-breeze pattern was evident, as the
region was influenced by high pressure, It appears that
local sources dominated the observed ozone patterns.

¢. Case study 3, 2325 Septermber

The third case study was actually & continuation of
the second case study. Large exceedances of the ozone
standard were observed throughout Ventura County
and many parts of Santa Barbara County, as concen~
trations reached valves of 200 ppb. An easterly flow
developed during this case study, as the high pressure
was slowly displaced by the northerly fringes of Tropicat
Depression Terry as it approached from the southeast.
The easterly flow during case study 3 extended farther
to the west and persisted for a longer time than during
case study 1, However, the persistent northwesterly flow
off Point Arguello was not perturbed during this case
study, Furthermore, some evidence of the sea breeze
was seen on each day. Again, the effects of local sources
were compounded by a tongue of ozone-rich air that
was advected along the coast and inland at elevations
of 200400 m. Observed ozone concentrations were
nearly equal on coastal mountaintops and inland val-
leys. The episode ended on 25 September as clouds
from Tropical Depression Tetry spread over the region.

d. Case study 4, 2-4 October
This case study was unique in that very low mixing
depths and easterly winds caused the advection of pol-

Jutants from the Los Angeles basin out over the ocean
and low-lying coastal plains. There was no clevated
tongue of pollutants at infand locations, as in case

studies 1 and 3. As in previous case studies, this one -

began with strong high pressure, clear skies, and light
winds; causing the buildup of pollutant concentrations
due to local sources. By 3 October, casterly winds
spread over the entire region, even overwhelming the
northwesterly flow off Point Arguello. This is the only
time during any of the case studies that high ozone
concentrations extended as far west as Vandenberg.
The ozone standard was exceeded at most offshore and
coastal stations on that day. During the afternoon, a
southerly sea-breeze perturbation developed that ad-

vected the polluted air mass into coastal areas. There -

is little question that this episode was caused mainly
by advection of pollutants from the Los Angeles basin,
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Decenber 5, 1996

Richard H: Baldwin

Alr Pollution Contral Officer

Ventura County Air Pollution Control District
669 County Square Drive

Ventura, CA 93003 -

" Dear Mr. Baldwin:

WI am writing to clarify the attainment
classification status of San Nicolas and Anacapa lslande. We undorstand that the
District's Air Pollution Control Bosrd specifically exempled San Nicolas fsland from the
Air Quality Management Plan requirements, pending a farmal datermination from EPA

that San Nicalas Island is not part of the Ventura County federal azone nonaltainment

-,

area.

As you know, Anacapa and San Nicolas Islands are part of Ventura County.
However, thé Ventura County ozone nonattainmeni area comprises all of Ventura
Counly except for the Channel Islands, which are designated as .
unclassifiable/attainment in the Suuth Central Air Basin. Therefore, although part ot
Ventura Counly, the Anacapa and San Nicolas Islands are not part of the Ventura
nonattainment area. if you have any additional questions or comments, please contact
Julia Barrow, Chief of the Planning Office, at (415) 744-1230, ’

; Sincersly,

T -
) _.(’/' /{: (34 -(11-’
S —
A /L/Daw'.! P Howekamp

Dresior )

Aar Devision

cc; Lynn Terry, ARB
Scalt Johnson, VCAPCD
Henry Hogo, SCAQMD
Hasan Jafar, US Navy, P1. Mugu

Fupnerd an Bopeched Vapoe
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Santa Barbara County
Air Pollution Control District

February 25, 2005

Lt. Ken Kusano (G-MSO-5) .

US Coast Guard ’ .. -
2100 Second Street S.W., ‘
Washington, D.C. 20593-0001

Mr. Cy Oggins, -A004-16¥77-978"
California State Lands Commission uSG’G A : ?7
100 Howe Ave., Suité 100-South,

Sacramento, CA 95825-8202

SUBJECT: SUPPLEMENTAL COMMENTS ON CABRILLO PORT DEEPWATER PORT
LICENSE APPLICATION: DEIS/DEIR .
Docket Number: USCG-2004-16877; State Clearinghouse Nurnber: 2004021107

Dear Lt. Kusano and Mr. Qggins:

The Santa Barbara County Air Pollution Control District (District) provides this letter as a
supplement to our. comment letler, dated December 20, 2004, on the DEIS/DEIR referenced
above. Qur supplemental comments are based on new information of substantial importance
discavered since the close of the public comment.period on this project. The new information
. @ppears to be inconsistent with information provided-in the DEIS/DEIR regarding the
Environmental Setting of the proposed project. S T

The District is concerned about the potential for this project to import liquefied natural gas (LNG)

- that does not meet the current Galifomnia Air Resources Board (CARB) specifications {i.e., LNG
that contains higher BTU confent ievels of ethane, propane, and butane) for compressed natyral
gas (CNG) for use in mofor vehicles. A recent study conducted by Southern California Gas
Company (Gas Quality and LNG Research Study Draft Final Report dated 2-1 1-05) states that
LNG sources originating in areas such as Indonesia, Russia, and Australia differ from naftral
gas cufrentiy supplied to southern Californiia from Gui-ol-Siate domesltic sources as some
£ethane, propane and butane have been remaved from out-of-state domestc nalural gas prior to
shipmenrvia inersiaie pipefines. (An excerpt from this study is attached for your convenience.)
If gorrect,"this finding is inconsistent with Section 4.6.1 that states that the LNG to ba imported
for the project will meet pipeline guality specifications (including CARE specifications) without
further treatment atT_ﬁ%f%_‘W#angWcaﬁon unit.. This conmeungnformation
léads us to believe that the project could indeed import LNG that does not meet CARB
specifications and,(if so, the DEIS/DEIR should address this imporiant issue.

The imporiation of LNG into southern California that does nat meet California’s CNG
specifications creales a potential for increased regional emissions from both stationary and
mebile sources. In fact, the recent Southern California Gas Campany study shows a strong -
correlation between increased NOx emissions and higher BTU conlent test gases for various
residential/commercial gas appliances, The DEIS/DEIR should address how this could impact
existing regional emission levels. ‘We strongly recommend that all imported LNG meet-CARB
motor vehicle fuel specifications for CNG in order to ensure that there are no increases in
regional emissions from the importation of LNG. Further, since it appears that it is foreseeable

Terence E. Dressler + Air Pollution Control Officer

2640 North San Antonio Road, Suite A - Santa Barbara, CA - 93110 -.www.sbcaf;cdvorg «~ 805,961.8800 + 805.961.8801 (fax}
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Cabrille Port Deepwater Porr EIS/EIR Comments
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that this project may import such “hot" gas, the District also believes that your commission mu.st
address the issue of whether recirculation of the DEIS/DEIR is required under CEQA,

Again, we appreciate the oppartunity to comment on the DEIS/DEIR for this important project. If
you need additional information on these comments please call me at 805.961.8857,

Sincerely,
- Tom Murphy
Manager, Technology and Enwironméntal Assessment

cc: TEA Chron File
Bobbie Bratz, Santa Barbara County Air Pallution Control District
William Dillon, Deputy County Counsel - o
Martin Kay, South Coast Air Quality Management District
Scott Johnson, Ventura County Air Paliution Control District
Alison Dettmer, Cailifornia Coastal Commission )

Attachment

Usbeaped, orgishares\Groups\peatWPPCACORR\Cabritio Port LNG DEIS_DEIR add,doc



The Need to Reduce Marine Shipping Emissions:
A Santa Barbara County Case Study

Paper # 70055

Tom M. Murphy

Planning and Technology Supervisor
Santa Barbara County APCD

26 Castilian Drive, Goleta, CA 93117

Ray . McCaffrey

Air Quality Engineer 11

Santa Barbara County APCD

26 Castilian Drive, Goleta, CA 93117

- Kathy A, Patton

Technology and Environmental Assessment Division Manager
Santa Barbara County APCD

26 Castilian Drive, Goleta, CA 93117

Douglas W. Allard

Air Pollution Control Cfficer

Santa Barbara County APCD

26 Castilian Drive, Goleta, CA 93117

ABSTRACT

Marine shipping, the largest unregulated source of oxides of nitrogen (NOx) emissions,
represents a significant long-term obstacle to achieving ozone standards in coastal areas,
as documented in the example of Santa Barbara County in California.

According to the Santa Barbara County Air Pollution Control District (APCID) 2001
Clean Air Plan, 1999 base year NOx emissions. from marine vessels were more than those
from all on-road motor vehicles, and comprised just over a third of the total NOx
emissions inventory. By 2015, the Plan projects that NOx emissions from ships will be
almost five times greater than those from on-road motor vehicles, and comprise more
than 60 percent of the total NOx emissions inventory.

The projected increase in marine shipping emissions essentially negates all the NOx
emissions reductions expected to occur onshore, and brings the 2015 inventory to levels
close to those experienced in 1999, the year Santa Barbara County attained the federal
one-hour ozone standard. This jeopardizes the county’s ability to maintain the ozone
standard. Achieving reductions in marine shipping emissions is critically important for
the county’s long-term air quality, especially as it is increasingly difficult to obtain cost-
effective onshore emission reductions. :
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Since more than ninety percent of the NOx emissions from vessels transiting offshore the
county fly foreign flags, and the existing fleet has a slow rate of turnover, the task of
reducing marine shipping emissions is a challenging one. While regulatory approaches
may achieve NOx emission reductions over the long term (10-30 years), incentive
programs and partnerships to reduce emissions from existing vessels are essential for
continued air quality improvements in the near term (1-10 years).

This paper provides information about the Santa Barbara County emissions inventories,
places this information in a national and international context, outlines the existing
regulatory framework, identifies opportunities for near-term cost-effective emission
reductions, and highlights the need for incentives and partnerships to gain momentum in
reducing marine shipping emissions through demonstration programs. Much of what we
have learned and will present is thanks to the work of others who have been researching
this issue for many years. And while this paper presents Santa Barbara County specific
data, we believe that the information is germane to other areas of the nation and
internationally.

INTRODUCTION

There is a growing awareness internationally of the significance of shipping emissions.
Ships are increasing in number, size, carrying capacity and speed, while fuel use is
increasing proportionally. L2341 addition, residual heavy fuel oil — the most common
fuel used in large ship engines — is decreasing in quality, while a greater number of
engines are being designed to use this lower-quality fuel®

There is also an increasing awareness of the impacts of shipping emissions on onshore air
quality. An estimated 85 percent of international shipping traffic occurs in the northern
hemisphere, and 70 percent of that is within 400 km (240 miles) of land.® Much of the
shipping activity and associated emissions occur near major urban areas, many of which
are already struggling with air quality problems;

There is a range of estimates for NOx emissions from marine shipping activities. The
United States Environmental Protection Agency (USEPA) estimates that approximately
4.4 percent of total NOx emissions in the United States come from compression ignition
marine engines.” Oné study estimates that NOx emissions from US ships are 127,000
tons/year (infand rivers) and 317,000 tons/year (ocean-going).® According to a study
conducted for USEPA in 1991, ocean-going marine vessel emissions contributed more
than 11 tons per day of NOx in New York/New Jersey and 19 tons per day of NOx in the
Houston/Galveston area.’” A recent estimate of year 2000 NOx emissions from ocean-
going vessels in the Vancouver, B.C. region is close to 15 tons per day of NOx.'" NOx
emissions from ocean-going ships in the South Coast Air Basin for the year 2000 are
estimated at 35 tons per day."!

Santa Barbara County is situated on the west coast of California between San Luis
Obispo County to the north and Ventura County to the east. Even though Santa Barbara
County does not have a port, more than 33 tons per day of NOx were produced by marine
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shipping activities offshore the county in 2000 - a figure more comparable to those
estimated for Los Angeles and San Francisco. This is due to severat factors. There is a
very high volume of vessels transiting along the Santa Barbara County coastline, and
most of these vessels use large, higher polluting, two-stroke engines. The county also has
130 miles of coastline, so these vessels are traversing a relatively long distance. In
addition, much of the emissions associated with shipping activities occur between 10 to
20 miles from shore, as ships traverse the Cahforma coastline and/or use great circle
routes throughout the Pacific Rim.

Santa Barbara County is currently classified by USEPA as a “serious™ nonattainment area
for the federal 1-hour ozone standard but has applied for redesignation as an attainment
area. APCD developed a 2001 Clean Air Plan to support the application for
redesignation, and to demonstrate continued attainment of the 1-hour standard for at least
10 years after redesignation.'* :

Based on accepted methodologies for estimating marine vessel emissions, primarily as
detailed in the 1999 ARCADIS emissions inventory report,” inventories developed for
Santa Barbara County’s 2001 Clean Air Plan showed that marine shipping emissions
represented approximately one-third of estimated NOx emissions for 1999. Marine
shipping was thus the single largest source of NOx emissions, contributing an amount
comparable to the NOx emissions from all trucks, cars, and buses operating onshore, In
the 2015 emissions forecast, marine shipping emissions represent more than 60 percent of
NOx emissions and are almost five times greater than those from on-road motor vehicles.
The dramatic increase in NOx emissions from this source through the planning horizon
essentially negates anticipated NOx reductions onshore from local, state and federal air
programs. This also jeopardizes APCD’s ability to show continued attainment of the
federal E-hour standard through 2015,

Data collected to caleulate marine shipping emissions offshorc Santa Barbara County
during 2000 reveal several specific points of interest: !

s 6,424 total transits occurred offshore the county (an average of almost 18 transits
“every day of the year)

o 1,363 different individual vessels ‘transited the coastline

« 9] percent of the emissions were from foreign-flagged vessels

o 10 percent of the individual vessels contributed 50% of the emissions

« 44 of the vessels each emitted more than 50 tons per year of NOx.

" . In Santa Barbara, we have assigned the moniker “frequent flyers” to those vessels that

create the most emissions each year, due to a2 combination of the emissions characteristics
of their engines, the fuel they burn, and the number of transits they make each year. One
very interesting feature is that 10 percent of the ships make up 50 percent of the marine
shipping emissions offshore Santa Barbara. The fact that a relatively small number of
ships contributes a large percentage of emissions provides a unique opportumty to obtain
stgmﬁcant emission reductions with retrofit technologies.

2006/P373-A02



2006/P373-A02

Efforts to regulate the emissions from marine shipping have been largely ineffective to
date. More stringent regulations, and a more intensive focus on international
implementation, are needed to encourage the development of engines that will be
substantially cleaner than those already on the market today.

While regulatory efforts are of critical importance to reducing emissions in the long term,
near-term strategies must also be pursued. The California Air Resources Board (CARB)
has initiated the Maritime Working Group to provide a forum for discussion of air quality
issues and concerns pertaining to maritime activities in California. This group draws
upon a large group of interested parties including USEPA, local California air districts,
port representatives, ship owner/operators, the Maritime Administration, engine
manufacturers and emission control technology providers, Preliminary estimates indicate
that implementing retrofit emission control technologies on existing ocean-going vessels
could provide very cost-effective emission reductions relative to those already
implemented onshore. The status of current efforts to reduce emissions from the existing
vessels, and the need to continue to build partnerships to address this large source of
emissions, will be discussed in this paper.

y

MARINE SHIPPING EMISSIONS INVENTORY

The NOx emissions from marine shipping activities offshore Santa Barbara Couniy are
largely due to three principal factors:

» There is a high volume of transits along the Santa Barbara County coastline.
«  The majority of the vessels use large, higher polluting, two-stroke engines.
» The county has 130 miles of coastline, so these vessels are traversing a relative long
' distance. Much of this travel is through the Santa Barbara Channel, which is only 10-
20 miles from the shore.

A detailed, ship-by-ship review was used to estimate emissions from ships transiting
offshore Santa Barbara. The inventory process gathered information on ship names,
arrival and departure dates and direction, ship type (e.g., container, bulk carrier), flag,

_ dead-weight tonnage, and average cruise speed, Port Hueneme'” and the Marine
Exchange of Los Angeles - Long Beach Harbor, Inc.'s were the main sources of these
data. '

All ships that arrived from the north to Port Hueneme, the Port of Los Angeles or the Port
of Long Beach, or departed to the north from any of these ports, wete included in the
estimates. Duplicates were eliminated. The average cruising horsepower for each ship’s

" main engine(s) was determined using methods detailed in the ARCADIS report, or by
consulting the Tloyd’s Registry of Ships.!” Emissions from auxiliary engines were.
included. We determined the Santa Barbara coastlife transit time for each ship, and .
applied NOx emission factors from the ARCADIS report. The factors used were hased on
ARCADIS analysis of NOx emissions limits finalized in late 1997 at the International
Maritime Organization, and considered emissions testing of ships performed ag part of
Lioyd’s Marine Exhaust Emissions Research Programme. '®



Figure 1 presents a summary of the number of transits along Santa Barbara during 2000

by vessel registry.

Figure 1: Year 2000 Vessel Transits by Registry*
(Total Transits = 6,424)
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:3,000 Marine Exchange Data — Ports of Los Angeles/Long Beach.
Comprised of 37 other countries.

During the year 2000, there were 6,424 vessel transits along Santa Barbara County from

49 different countries. The country with the greatest number of vessel transits was

Panama (1,353 transits), followed by the United States (838 transits), and Liberia (721
transits). More than 87 percent of the total transits along this coastline were by foreign-

flagged vessels.

Figure 2 itemizes the types of vessels that traversed our coastline during 2000.

Figure 2: Year 2000 Vessel Transits by Ship Type*

(T otal Transits = 6,424)
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* 2000 Marine Exchange Data — Ports of Los Angeles/Long Beach.
** Other vessels include Passenger, Reefer, and Ro-Ro vessels.
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Figure 2 shows that 67 percent of the 6,424 traverses along our coastline in the year
2000 were by container vessels, followed by bulk carriers (14 percent), auto carriers (8
percent), general cargo vessels (3 percent), and tankers (2 percent).

Figure 3 shows a comparison of the cumulative percentage of NOx emissions versus the
percentage of vessels for 2000 offshore Santa Barbara.

Figure 3. Year 2000 Cumulative Percentage of NOx Emissions vs.
Percentage of Total Vessels (US & Foreign Flagged)
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Source: 2000 Marine Exchange Data, Ports of Los Angeles/Long Beach
This figure shows that by focusing our retrofit efforts on only 10 percent of the vessels
that fransit along our coastline, we can target 50 percent of the NOx emissions associated
with shipping activities impacting our air quality.

Table 1 presents the maximum and average horsepower ratings by vessel type for those
vessels that traversed our coastline during 2001.

Table 1: Maximnm and Average Horsepower Ratings by Vessel Typelg ]

Vessel Type Maximum Horsepower Average Horsepower
Auto Carrier ' 20,940 ' 10,430
Bulk Carrier 20,874 ) 7,742
Container Ship 109,600 32,322
General Cargo 57,089 7,738
Passenger 62,370 : 30,913
Reefer 15,079 11,267
Ro-Ro 26,921 _ 11,056
Tanker 29,422 8.778

Table 1 shows that the container vessel fleet averaged 32,000 horsepower with a
maximum horsepower rating of 109,000. General cargo and passenger vessels had
maximum horsepower ratings around 60,000 with the remaining vessels maximum
horsepower ratings ranging from 20,000 to 30,000.
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The combination of the large number of vessel transits along our 130-mile coastline and
the high percentage of container vessels that have the highest average and maximum
horsepower ratings (equating to higher emissions) resulted in more than 33 tons per day
of NOx emissions in the area in 2000. Foreign-flagged vessels accounted for 87 percent
of the total transits, but accounted for 91 percent of the total NOx emissions, since these
vessels are predominantly large, higher emission container ships.

SHIPPING EMISSIONS IN THE CONTEXT OF SANTA BARARA
COUNTY AIR QUALITY PLANNING

APCD has prepared several air quality plans for Santa Barbara County to comply with
state and federal ozone standards, and offshore emissions have been considered
significant in these documents for some time. The first two plans, the 1979 Air Quality
Attainment Plan and the 1982 update were prepared in response to mandates established
by the federal Clean Air Act Amendments of 1977. The 1982 update predicted attainment
of the federal ozone standard by 1984, but acknowledged that the county’s ability to
attain the federal ozone standard was uncertain because pollution generated offshore was

not considered.

In the 1994 Clean Air Plan, photochemical air quality modeling was periormed for the
region. This modeling showed that emissions from marine shipping activities contributed
to ozone formation, and found that Santa Barbara County would attain the federal 1-hour
ozone standard by the mandated 1996 attamment date but for the emlssmns generated off
the coast by marine shipping activities.2’

Santa Barbara County was unable to attain the federal 1-hour ozone standard by the 1996
attainment deadline, and was reclassified in 1997 as a “serious”™ nonattainment area by
the USEPA. The new classification required additional regulatory requirements and the
development of another air quality plan to show attainment by a new deadline of

November 13, 1999,

Subsequent to the development and submission of the next air quality plan (1998 Clean
Air Plan) required to comply with the “serious” nonattainment area mandates, afr quality
monitoring data showed that the county met the federal 1-hour ozone standard by the
1999 attainment deadline. This prompted the development of a “Maintenance Plan,”

which became the 2001 Clean Air Plan.

The Maintenance Plan required APCD to determine an “attainment inventory” for Santa
Barbara County against which to compare future predicted emissions through 2015. Since
the federal 1-hour ozone standard was attained from 1997 through 1999, emission
inventories were developed for 1999 for both reactive organic compounds (ROC) and

NOx.

The attainment inventory methodolegy assumes that the emission levels experienced in
Santa Barbara County during 1999 are adequate to keep measured czone concentrations
below the federal 1-hour ozone standard. The maintenance demonstration must sho that
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predicted future year emission levels through 2013 are below the attainment inventory
established for 1999,

2001 Clean Air Plan Emission Inventory

This section describes the baseline emission inventory used in the development of the
.2001 Clean Ajr Plan. The emission inventory accounts for the types and amounts of
pollutanis emitted from a wide variety of sources, including on-road motor vehicles and
other mobile sources, fuel combustion at industrial facilities, solvent and surface coating
usage, consumer product usage, and emissions from natural sources. Emission
inventoties are used to describe and compare contributions from air pollution seurces,
evaluate confrol measures, schedule rule adoptions, forecast future pollution, and
demonstrate attainment and maintenance of air quality standards.

Emission Inventory Development

‘The emission inveniory is organized in a three-tier hierarchy that categorizes all air
pollution sources. The first tier of this hierarchy contains four divisions:
« Stationary sources (e.g., internal combustion engines, boilers, mineral processmg)
» Area-Wide sources (e.g., consumer products, paints and solvents)
» Mobile sources (e.g., cars, trucks, planes, trains, ships)
« Natural sources (e.g., vegetation, oil and gas seeps).

In the second tier, each of the four divisions is sub-divided into major source categories.
The third tier divides the major source categories into summary categories. For the
purposes of this paper, we present NOx emissiofis by first tier emission divisions for
stationary, area-wide, and mobile sources both onshore and offshore of Santa Barbara
County, with marine shipping emissions distinguished from the “other mobile” sources.
Natural sources are not included in this paper as those emissions are not human-
generated.

1999 gand 2015 Emission Inventories

Once the 1999 emission inventory was developed using the most current data, it was
forecast out to 2015 using both growth and control asswnptions. Growth assumptions
include changes in population, employment, vehicle miles traveled, agricultural acres in
use, and many others. Control assumptions predict the expected emission controls that
will result from local, state and federal air programs. The combination of both growth and
control data assumptions are applied to the 1999 inventory in order to develop the 2015
forecast. Figure 4 presents the emission inventories developed for 1999 and forecast for
2015.
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Figure 4: Santa Barbara County NOx Emissions Comparison
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As seen in Figure 4, marine shipping activities contribute more NOx emissions to Santa
Barbara County than all the cars, trucks, and buses operating onshore, and represent 36
percent of the total NOx emissions in 1999. The figure also shows that marine shipping
emits more NOx than all the “other mobile” sources in the county, including trains,
planes, off-road vehicles, farm and construction equipment and many other sources. In
addition, Figure 4 shows that the anticipated growth of marine shipping emissions results
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in a NOx emission contribution of 60 percent of the total inventory by 2013, almost five
times the emissions associated with on-road motor vehicles.

Figure 5 presents the forecast for NOx emissions from 1999 through 2015.

Figure 5: Santa Barbara County Forecast NOx Emissions (tons per day)
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This figure shows that total NOx emissions decline slightly from 1999 through 2010 and
then increase through 2015 to levels that approach those experienced during 1999. This

figure also documents that the projected increase in marine shipping emissions essentially -

negates all the NOx emissions reductions expected to occur onshore from local, state and
federal air programs.

IMPLICATIONS FOR MEETING AIR QUALITY STANDARDS

Since forecasted NOx emission levels in 2015 are approaching those experienced in
1999, the county’s maintenance demonstration to USEPA comes under increasing
scrutiny. If marine shipping emissions continue at the projected rates without any
additional controls, Santa Barbara County’s long-term trend of improving air quality and
ability to maintain attainment of standards could be jeopardized.

Marine shipping activities are the most significant source of emissions that impact our
local air quality. And the fact that the growth of marine shipping emissions is
counteracting the emission reductions achieved onshore via regulatory controls is of
greatest concern. Local, state and federal air programs, in existence for more than 30
years, have resulted in significant emission reductions to date and are anticipated to
provide additional emission reductions into the future, as Figure 5 illustrates.

1o
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However, the issue at hand is that the majority of the cost-effective emission controls
available onshore have been implemented or are already scheduled for implementation.
Additional onshore controls will be difficult to obtain and expensive to implement.
Reducing emissions from marine shipping activities js of critical importance to the long-
term air quality of Santa Barbara County.

REGULATORY FRAMEWORK

Although the shipping industry is highly regulated in some environmental areas such as
sewage and waste, and ballast water, regulatory efforts to date to reduce air emissions
from marine shipping have not kept pace with emission reduction programs onshore.
MARPOL 73/78 is the International Convention for the Prevention of Pollution from
Ships. Annex VI, adopted by the Parties to MARPOL in 1997, has NOx requirements for
the Category 3 engines typically used in ocean-going vessels, beginning January 1, 2000.
This Antex has not been ratified by the required minimum of 15 member countries
representing 50 percent of the world’s merchant shipping.

Howevet, since the NOx emission standards contained in Annex VI are retroactive to
January 1, 2000 once the Annex is ratified, virtually all ship engine manufacturers
already build engines that meet these standards. No additional emission reductions from
ratification of Annex VI are expected, although ratification does represent a first step
toward the implementation of additional technology-forcing standards and requirements

_in the future.
f

The USEPA Final Rule on Control of Air Pollutien from New Marine Compression-
Ignition Engines at or Above 37 kW (50 hp), effective 1/28/2000, applies to Category |
and 2 engines, and recommends that the IMO adopt regulations for Category 3 engines
that are more stringent than the Annex VI requirements. In 2000, the Bluewater Network
settled a lawsuit against the USEPA for failure to establish standards for Category 3
engines. The settlement required USEPA to establish standards for these engines by
January 2003, The resultant regulation recently promulgated by USEPA establishes
standards that are no more stringent than those established in Annex Vi

CARB is currently developing proposed emission control strategies for commercial
marine vessels and ports that are expected to become part of the South Coast Air Quality
Management District’s State Implementation Plan.?* These strategies will provide
emission reductions statewide. Measures under consideration include:

«  setting more stringent emission standards for new harbor craft and ocean-going

ships;

o developing ways for existing harbor craft fleet to use cleaner engines and fuels;

+ designing strategies to clean up the existing ocean-going fleet; and

» taking steps to reduce land-based emissions at ports.

Action on the state’s proposed measures is expected between 2003 and 2005, with
implementation in the 2003-2010 timeframe.
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Even in the best-case scenatio—if new regulations are adopted by CARB and USEPA,
and the IMO moves to strengthen standards under Annex VI— it could be many years
before significant emission reductions are realized through the regulatory process,
particularly for the larger ocean-going vessels that traverse the Santa Barbara coastline.
Most of the USEPA and IMO regulations only apply to newly manufactured vessels.
Since the turnover of vessels is very slow, coastal and port areas will be living with
pollution from existing vessels for many years, Therefore, it is imperative to develop
partnerships and incentive programs like those being evaluated by CARB, and to initiate
demonstration projects to reduce emissions from the existing vessels that transit our area.

TECHNOLOGIES

Until recently, many have viewed shipping industry emissions as fairly minor, of [esser
impact to onshore air quality, and difficult, if not impossible, to control. Over time, these
views have changed in recognition of the facts that a significant percentage of total man-
made emissions are from ships, these emissions have both near-shore and regional air
quality impacts, and feasible technologies are available at reasonable costs to clean up
ship emissions.”

Most NOx emissions in exhaust gases are produced due to high temperatures durmg the
combustion process. There are primary methods to reduce NOx formed during
combustion, most of which attempt to reduce the maximum temperatures during

- combustion, as well as secondary methods that treat the post-combustion exhaust gas _
stream to reduce NOx. Examples of each method are shown below:

Prima
. Engme related: mjectlon timing retard, higher compression ratios, increased
charge air
« Fuel injection: nozzle changes and injection rate shaping _
» Addition of water: fuel-water emulsion, direct water injection, pre-ireatment of
combustion air (humid air motor or combustion air saturation systems)
+ Exhaust gas recirculation

Secondary: :
* Selective cata]ytlc reduction (SCR) mixes exhaust gas with ammonia or urea

before it passes through a catalytic bed
"= Electrostatic precipitators to reduce PM emissions
» Oxidation catalysts to reduce CO and HC
» Low-sulfur content fuel that allows catalytic converters

In addition fo the noted control technologies, operational limits that reduce emissions can
also be implemented. The voluntary speed reduction program that limits the speed of
ships entering the Ports of Los Angeles and Long Beach is an example of setting
operational limits to achieve emission reductions.

12
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Both primary and secondary control technologies are applied most easily to a specific
ship during the ship’s design stage. Application of these technologies as retrofit controls
{i.e., not as part of a ship’s original design) has potential downsides, including: high unit
cost; ship downtime for instaliation of the new controls; increased fuel use (typical for
timing retard and water injection or emulsion systems); the need for large amounts of*
deionized water production and storage {typical for water injection, emulsion, and humid
air motor systems); potential engine damage from the control system (possible with
exhaust gas recirculation that routes exhaust gas particulate matter through the charge air
system); and lack of space on the existing ship (e.g., installing SCRs on 2-stroke
engines). :

In addition, significant modifications to an engine not previously subject to the NOx
Technical Code of MARPOL 73/78 of Annex VI may make the engine subject to the
Annex VI requirement to demonstrate that the modifications did not cause an increase in
emissions. This means that pre- and post-modification emissions tests may be required,
even for engines not previously subject to Annex VI requirements. '

Table 2 presents a summary of various retrofit control technologies that could be installed
on large vessel engines. ™

Table 2: Performance Attributes Summary of NOx Control Technologies for

Existing Engines.
Nominal Nominal Noiinal .
Controf Technology NOx Reduction in | Increased | Net Present _E?flfgz;ig?:;s
Reduction | PM and other | Fuel Use Value (3} ($/ton NOX)
(%) Pollutants (%) ()
Aftercooler upgrade 10 -1 2 $184,000 5620
Engine derating 14 -10 4 $386,000 $933
Fuel pressure increase - 14 -21 2 $220,000 §523
Injector upgrade 16 -21 2 $192,000 5410
Injection Timing Retard 19 -11 4 $363,000 5618
- Water in combustion air 28 1 3 $365,000 $468
Exhaust gas recirculation 34 -51 .0 $16,5040,000 $16,377
Water/fuel emulsion 42 15 2 - $325,000 $284 _
Selective catalytic 81 0 0 $475,000 $227
reduction

As this table shows, a range of control technologies can be evaluated as retrofits to
existing vessels in order to reduce NOx emissions, and these controls potentially carry a
lower cost per ton of emission reduction than most typical onshore emission controls. In
addition, focusing retrofit efforts on the “frequent flyer™ vessels that create the most
emissions will provide the most cost-effective emissions reduction projects.

' A review of cost-effectiveness calculations for incentive programs,”® generation of
emission reduction credits,”® and emission control measures” shows a range of cost from
$660 to more than $40,000 per ton of NOx reduced. By way of compatison, the average
cost per ton for industrial NOx emission reduction credits used in Santa Barbara County

13
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from 1999 through 2003 was more than $9,000, and the average cost per ton from
California’s Catl Moyer Program (Years 1 and 2) was $5,000.

Comparatively, emission reduction programs for marine shipping applications have the
potential to produce significant levels of emission reductions on a more cost-effective
basis. This is due to the fact that onshore emission reduction programs have matured,
while marine shipping emissions have been largely unregulated to date.

However, the cost-effective emission reductions from marine shipping require a large
capital expenditure as indicated by the Net Present Value costs associated with the
technologies identified in Table 2 that range from $184,000 to several million dollars. A
broad-based partnership/incentive approach will be necessary to support capital
expenditures of this magnitude, and provide for the evaluation, implementation and
verification of these technologies though demonstration programs. Once 2 technology or
set of technologies is proven, additional funding partnerships and incentives will be
needed to expand implementation programs to other existing vessels.

Table 2 also highlights the potential for increases in other pollutants {e.g., particulate
matter, greenhouse gases) and decreased fuel efficiency. These trade-offs need to be
clearly identified and minimized to the greatest extent feasible. For example, injection
timing retard generally reduces NOx emissions, but increases PM, and increases fuel use
with an associated increase in greenhouse gas emissions. A thorough review of each
emissions reduction technology must be conducted for each application to avoid emission
trade-offs that may be counter to broader clean air goals.

Fuel characteristics can also be modified to reduce pollution, primarily by reducing sulfur
content, thereby reducing SOx emissions, and allowing the use of catalytic treatment of
exhaust gases to reduce NOx. SOx emissions reduction is a major concern in much of
Europe, due to the impacts of acid rain* %

There is a tremendous opportunity to reduce both SOx and NOx emissions by reducing
the sulfur content of fuels used in shipping. The current average sulfur content of heavy
fuel oils used by large marine vessels is about 2.5% (25,000 ppm). The fuel sulfur content
limits of the impending IMO Annex VI are set at 4.5% (45,000 ppm), with a 1.5%

(15,000 ppm) limit for SOx Emissions Control Areas (SECA) such as the Baltic Sea,
Upeon application to IMO after Annex VI is implemented, other areas (e.g., coastal areas
of the United States) may be declared SECA areas with the 1.5% sulfur limit. These
sulfur content values contrast with the current California on-road diesel limit of 0.05%
(500 ppmy), especially as the sulfur content of typical on-road diesel fuel is usually well
below this limit, generally in the 130-150 ppm range. Also, ultra low sulfur diesel (15
ppm salfur) is now becoming available, and will scon be required on both urban buses
and solid waste collection vehicles in California. This ultra low sulfur diesel requircment
will also apply nationwide for on-road diesel fuel starting in 2007, so it is clear that there
are opportunitics to improve the quality of the fuels used by the shipping industry.

14
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The above tables and information document the fact that many opportunities exist to
achieve emission reductions from existing marine vessels. Steps towards implementation
of a demonsiration program targeting reductions from existing vessels could include:

+ Identification of funding sources, and securing of funding;

« Design of emissions-testing protocols to validate emission reductions;

+ Selection of candidate vessels for demonstration projects;

«  Development of criteria for judging the success of a demonstration retrofit

program;

« Testing of emission-control technologies in real-world use;

» Evaluation of these technologies for widespread use;

-+ Formulation of a plan for widespread implementation.

However, as previously outlined, due to the significant capital investment required, the
development of creative partnerships and innovative strategies is necessary to build
momenturn for the implementation of retrofit technologies and cleaner-fuels strategies.

PARTNERSHIPS AND INCENTIVES

The Maritime Air Quality Working Group (MWG), led by CARB, is an industry-wide
group of stakeholders including air agencies (CARB, USEPA, and local air districts),
environmental groups, and shipping industry representatives (owner operators, ship
captains, major engine manufacturers, technology vendors and marine consultants). The
group’s goal is to gain a basic understanding of the shipping industry, identify control
technologies that can reduce NOx and PM emissions from ship engines, and determine
how to make these technologies attractive for both retrofit and new implementation hy
carriers.

The MWG has had several meetings over the last year that have incorporated
presentations on available and developing control technologies, and the group is currently
reviewing vendor proposals to demonstrate retrofit control technologies on ship engines
at sea. The APCD participates in this working group and is interested in seeing cost-
effective control technologies successfully installed on one or two ships over the next
year.

The US Department of Transportation Maritime Administration (MARAD) is pursuing in
parallel a program to review, select, install, demonstrate and test emissions of retrofit
control technologies for reducing NOx emissions of large ship engines. MARAD is
investigating possible incentive programs to encourage control technology installation on
coastal vessels, and will determine if these technologies increase combustion efficiency,
thereby saving fuel and reducing greenhouse gases. It is likely that the MARAD
demonstration will be the first partnership project for the MW stakeholders.

Business for Social Responsibility (BSR) is a consortium of businesses interested in
improving the environmental and social impact of their operations, and of their suppliers.
Among many other programs, BSR has formed a Clean Cargo Progtam to encourage the

]
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ship owner operators — their “carriers”- to reduce emissions from their sea transport
operations.

A range of incentive programs that could be evaluated include:

» Emission reduction credits — A system in which credits are provided for reducing
vessel emissions that can be traded within a market-based system.

« Differential port fees — A system where cleaner vessels pay lower fees and dirtier
vessels pay higher fees with a net result equal to the existing fee structure.

» Government incentives -- Similar to California’s Carl Moyer Program in which
funds are atlocated to cost-effective projects, based on the merits of the project
and the level of cost share funding.

» Knvironmental award programs — A system in which cleaner vessels are provided
the recognition and positive publicity for being the cleanest of the flest..

+ Preferential port access — A system in which the cleanest vessels have the best
access to port facilities.

These types of incentive programs need to be carefully evaluated as part of the effort to
reduce emissions from the existing fleet. Without some type of incentive program, the
information and experience gained in retrofit demonstration projects may not be realized
due to the large capital costs associated with many of the technologies discussed in this

paper.

It is important to cocordinate efforts toward understanding the dynamics of the shipping

industry, and researching and demonstrating control technologies by building

~ partnerships, evaluating incentive programs, and sharing results. Only with a cooperative,
partnership-based approach will we realize emission reductions from the existing vessels

that fransit along the Santa Barbara coastline and other areas nationally and globally.

CONCLUSIONS

As documented in the Santa Barbara County emissions inventories, marine shipping
emissions currently impact onshote air quality, and, if left uncontrolled, will be of
. increasing concern in the future. Conclusion points of interest are listed below.

» Marine shipping emissions are significant and largely unregulated locally,
nationally and globally.

» [If marine shipping emissions continue to increase without controls, they may
threaten attainment strategies of coastal (and inland) areas. This could increase the
need to reduce emissions onshore, where many of the most achjevabl_c'and cost-

_ effective reductions have either already been obtained or are in process. _

+ International and national regulatory efforts have been largely ineffective fo date,
and should be strengthened to set targets for development of new engine
technologies. .

« While regulatory strategies are important to reducing these emissions in the long
term, a near-term strategy is needed for existing vessels. :

16
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« Many control technologies are available that can potentially reduce emissions in
the near term from existing marine vessels at a relatively low cost per ton of NOx
reduced. In fact, these technologies are significantly more cost-effective than
typical onshore emission controls.

« Retrofit of existing vessels with emission controls will demand a high capital
expenditure. -

« A coordinated partnership-based approach will be necessary to support the capital
expenditure, and provide for the evaluation, implementation and verification of
retrofit technologies though demonstration programs.

« Once a technology or set of technologies is proven, additional funding
partnerships and incentives programs will be needed to expand implementation
programs with existing vessels.
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Manual - ig/28/87

6.6 AIR QUALITY IMPACT ANALYSIS

INERT POLLUTANTS.

An Air Quality Impact Analysis (AQIA}* is required'ﬁhen the -
following conditicns are met: .

1. Non—attainment pollutants (NSR Review).

If that portion of a stationary source within APCD
jurisdiction has a net emissions increase (NEI) greater
“than 5 pounds per hour but less than 14 pounds per hour,
240 pounds per day or 25 tons per year of non-attainment
.pollutants, an AQIA will be required which must show no
violation or interference with attainment. In addition, if
that portion of the stationary source within APCD

‘Jjurisdiction has an NEI of greater than 16 pounds per hour,

24¢ pounds per day or 25 tons per year of non-attainment
pcllutants, an AQIA will be required to determine
compliance with all ambient air gquality standards.

2.  Attainment Pollutants (PSD Review) .
An AQIA is reguired when: '

A. Project has components ‘located within a Class. 1 or
Ciass ‘1 impact area and the NEI for that portion of
stationary source within APCD jurisdiction is greater
than 26 pounds per hour of CO or 5 pounds per hour for
other attainment pollutants. .

B. The emissions from the entire stationary source is
greater than 28 pounds per hour for an attainment
pollutant. (Note that the emissions from the entire
source, not the NEI is used for this determination.)’

In A and B above, no ambient air quality standard can be exceeded.

Location-of -Sources-to-be-Included-in-AQIA

Tc be included in the AQIA are all emissions from the stationary
source.  This includes facilities in the 0CS and cutside of Santa
Barbara County which have the potential to impact Santa Barbara
County air guality, and all facilities within the jurisdicticn of
the APCD. '

* Phe term AQIA is used in this document to mean Air guality
Impact Analysis under NSR rules and "modeling” under PSD
rules. ) )
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Sources to be included in the AQIA may be expanded if project
conditions placed on the applicant by other regulatory agencies
direct that other scenarios be examined by the APCD. Examples of
additional issues for which analy51s may be required include, but
_may not be limited to: !

1. Air quality impacts from censolidated facilities.

2. Cumulative air quality 1mpacts from proposed project and
all reasonably foreseeable projects.

3. Air quality impacts from ¢tonstruction emissions.

4. Future specific throughput rates or levels of producticn
not applied for by the applicant.

General Flow of AQIA:

1. Establish baseline air guality through minimum of one year
of pre-construction monitoring (PCM).

Era
2. Model to determine alr guality impacts from the emissions
of the proposed statiomary source and source expansion
emissions from permitted sources which were not operating
- at permitted capacity during the applicant's year of PCM.

Compliance with Ambient Air Quality Standards-

The results of the AQIA analyses are -to be compared to all Local,
State and Federal Ambient Air Quality Standards and increments.

Moaeling Methodology'for~AQIA:

The following protocol is to be used for establishing air guality
impacts for sources of emissions included in the AQIA.

INERT POLLUTANT MODELING METHODOLOGY:

I. Introduction
A. Models

For inert pollutant modeling, the models which are to be
implemented are as follows: -
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COMPLEX-II: For modeling inert pollutant impacts
' from all onshore point sources which
Aimpact terrain with elevation egual to
cr greater than the height of the
lowest stack height.

MPTER: ) For modeling inert pollutant impacts
' from all point sources which impact
terrain with elevation less than the
height of the lowest stack height.

TURNER FUMIGATION: For modeling inert pollutant impacts
under fumigation conditions from
onshore and offshore point sources of
emissions.

ISCS8T: For modeling inert pollutant impacts
from onshore non-point sources of
emissions.

OCDRCPM: For modeling inert pollutant impacts
" from offshore sources and coastal (up
to 1 km f£rom shoreline) point sources
associated with offshore sources of
emissions.

Table 6~I-1 provides some generic project scenarios and the.
associated modeling requirements. The primary function of
the Table is to show the differences between onshore and
offshore sources., Onshore point sources {dependent upon
terrain)} regquire the use of either MPTER or COMPLEX II.

The only exception to this requirement is if the onshore
‘point source is directly linked to an offshore source
(i.e., a processing plant onshore supplied by an offshore
platform). .Under this circumstance, OCDCPM can be used for
both cnshore and offshore sources. It must be noted that
the onshore source in guestion must be within one kilometer
of the shorelinme to be modeled with OCDCPH. A1l onshore
construction activities will be modeled with ISCST and
summed with all concurrent point source emissions.
Fumigation modeling will be executed for all pollutant
sources except onshore construction activities. All
offshore pollutant souxces are considered point sources.
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In order to assess cumulative air guality impacts from
different source types, modeled pollutant concentrations
from point sources and mon-point scurces which impact the
same receptor during a given hour are.to be. summed
together. This will require the use of a post-processor
program and modificatiom to the code of the model (s) used
to output concentrations in a format acceptable to the

. post-processor. The District can provide information on

this post-processor program and the required medification
to the model(s) used. ) -

In all instances fumigation modeling is to be performed in
addition to the other modeling analyses prescribed in this
protocol, .

B. Source of Models

MPTER and ISCST are available from the National Technical
Information Service. (NTIS). MPTER and ISCST are part of a
library of air guality simunlation medels titled “"User's
Network for Applied Models of Air Pollntion - version 6"
{UNAMAP 6) (USEPA, 1986). - ’

Fumigation models are available from the Califormia Air
Resources Board (CARB). A document titled "Users Guide to
the California Air Resources Board Air Quality Modeling
Section Fumigation Models™ is available free from the ARP
which lists the codes and test cases for two fumigation
models (Wagner, 1954). The Fumigation Model code is for
assessing fumigation impacts from onshore sources, and- the
Coastal Fumigation Model code is for assessing fumigation
impacts from offshore sources. The ARB will send a magnetic
tape containing the two fumigation models to those
requesting it for a handling fee. Fomigation models are
also available from the District.

OCDCPM and COMPLEY II are available on magnetic tape from
the District.

Submittalé to APCD

Upon completion of the model runs, the applicant must
provide the APCD on hard-copy and magnetic tape all
material leading to and including the final output(s). }
This would inc¢lude, but not be limited to, all input files,
control files, output files, pre- and post-processor
programs and their input, output and contrel files, and all
models used. In short, supply all the information needed
to duplicate the work submitted by the applicant. Tape
format should be 9-track, ASCII, unlabeled, 168¢ BPI,
specified record length and 18 records per block.

6 — 5
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Modeling of Point Source Emissions with COMPLEX—1I

Al

OPTION

I0PT
IopT
ICPT
10PT

- I0PT
IGPT

I0PT

IoPT

TopT
lopT
IopT
I0PT
I0pT

I0pT
I10PT
IOPT

I0PT
IOPT
IOPT

IOPT
I0PT
I0PT
IopT
IOPT
- I0PT

{1}
{2)
(3)
(4)

(5)
{6)
{(7)

48)

(9)

(18)
(11)
(12)
(13)

(14}
(15)
(16}

(17}
(18)
(19)

(2a)
(21)

(22)
(23)
(24)
(25)

Option Specifications

Optien Specifications: g

1

1

It

TECHNICAL--QOPTIONS

Use Terrain Adjustments

. No Stack Deownwash

Ho Gradual Plume Rise
Use Buoyancy Induced Dispersion

INPUT-OPTIONS

Met. Data is on Cards

Read Hourly Emissions

Specify Significant Sources

Input Radial Distancés and Generate Polar
Coordinate Receptors

PRINTED OUTPUT -OPTIONS

. Delete Emissions with Height Table i
_Delete Resultant Met. Data Summary for Avg. Period

Delete Houkly Contributions

Delete Met., Data on Hourly Contributions

Delete Final Plume Height and Distance to Final
Rise on Hourly Contributions

Delete Hourly Summary

Delete Met. Data on Hourly Summary

Delete Final Plume Height and Distance to Final
Rise on Keurly Summary

Delete Averaging - Period Contributions

Delete Averaging - Period Summazxy

‘Delete Average Concentrations and High;Five Table

OTHER-CONTROL-AND-QUTPUT-OPTIONS

Run is Part of a Segmented .Long Run

Write Partial Concentrations to Disk .or Tape
Write Hourly Concentrations to Disk or Tape
Write Averaglng --Perlod Concs. to bisk or Tape
Punch Averaging - Period Concentratlons on Cards
Complex Terrain Option

Employ Option

Don't Use Option

Ll ol o Ll el el _mmmd H= o

-

s s s
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Discussion:
IOPT (25) dces not apply to MPTER.

THe above option specifications are these which should be used
for submittal to the District. Should the applicant wish o
employ option specifications other than those listed above which
do not affect the concentration calculations, they may do so
with proper notification of the bistrict prior to making the
mcdeling runs.

The actual height cf wind speed measurement (anemometer height

or ANHT)} should be used ‘as input. In most cases this will be 18

meters. -

Exponents for power law wind speed increase with height are:
¢.16, 6.15, 9.284, 4.25, 8.34, 6.34@

Terrain Adjustments are: _ = |
g.5, 6.5, #.5, 8.5, 6.9, 6.0

ZHMIN is 19.0

With regard to the length of the air guality and meteorolegical

data set to be used in the AQIA; the minimum data set will be 7
the year of applicant pre-construction monitering. In addition,
the APCD may regquire that any other available air quality and -

meteorolegical data which are deemed appropriate be included as
input in the AQIA. ’

B. - Meteorclegy

Meteorclogical parameters required by COMPLEX-II are wind
speed, wind direction, temperature, stability class and
mixing height. Hourly wind speed, wind direction and
temperature should at a minimum be obtained from the
previously approved APCD pre-construction monitoring.
activities for the project in question. The

pre-construction monitoring and other datz used as input to

the Air Quality Impact Analysis must be of at least one
year duration. Stability class is to be obtained in a
manner consistent with the EPA document "Guideline on Air
Quality Models, Revised"™ (USEPA, 1986). Twice daily mixing
heights are available from Pt. Mugu and Vandenbery. Hourly
mixing heights can be estimated from pre-processing i
programs such as those available for CRSTER (USEPA, 1977) .
If iwice daily mixing heights are not available, hourly
mixing heights can be estimated from (Holzworth, 1972).
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Source Parameters

For each source of pollutants medeled, the following inputs
are reguired; source coordinates (UTM), emission rate,
stack height, stack gas temperature, stack gas velocity and
source elevation. All of these parameters must be reviewed
by the APCD engineering staff prior to executing the model.

Maximum hourly emission rates are to be!used for modeling
averaging periods less than or egqual to.24 hours.

Annual average emission rates are to be used for annual

average concentration calculations.

Emission rates used as input to the models are to be the
proposed emission increases from the stationary source,
21l emission increases from the source which have occurred
or will occur after the pre-copstruction monltorlng data
are collected must be included. Additionally, emissions
from other permitted sources which were not operating at
permitted capacity at the time of pre- —~constiuction
monitoring must be included in the modeling.

To the extent possible, offsets will be included in the

AQIA. If the source(s) to be used as offsets were
operating during ‘the air gquality pre- constructlon-
monitoring period, then the contribution of the offset
source({s) to the background air guality values used in the
AQIA may be considered for being "backed out"” of the :
appropriate air guality background value. "Backing out" is
£o be considered only if it can be determined that the
offset source(s) impacted the air quallty monitor(s) during
the time period when the background air gquality value(s)
used in the AQIA were measured. Contact District staff for
guidance on this matter.

If the source(s) to be used as offsets were modified so as

to 1ncorporate offsét emissions strategy during the yeax of
pre-construction monitoring for air quallty, then ne
further consideration on the incorporation of cffsets in’
the AQIA is necessary.
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Use of background Air Quality for Pollutants Other Than NC3 .

The values for background air guality for peollutants
requiring modeling must be accomplished in the
pre-construction monitoring phase of the project prior to
performing the AQIA. Background air gquality values will be

‘added to project impacts for comparison to .ambient alrx

guality standaxds.

Background air guality is to be added teo project impacts as
follows:

1. Using the year of pre-construction monitoring
meteorologiczl data as input to the model, determine
the maximum modeled concentration for each pollutant
‘and averaging period in guestion.

2. Review the vear of pre—construction monitoring air
quality data to determine the maximum ambient air
quality values measured for each pollutant and
averaging petied in question. ’

3. For each pollutant and averaging periocd, add the
results of steps 1 and 2 to obtain the total pollutant
concentration which is to be compared with ambient air
quality Standards. - . s

Use of Background Air Quality for NOjy

The ozone - limiting method is to be. used to convert
modeled NOx concentrations to NOp concentrations (Cole and

‘Summerhays, 1979} .

Precedure:
1. ~ cne-hour WOz

A. Using the year of pre-construction monitoring,
meteorological data as input to the model,
determine the maximum one-hour WOy concentrations
{NOXMAX) .

-

B. Review the year of pre-construction monitoring
: air guality data to determine the maximumq
simultaneous hourly sum of czone plus NO3.

C. Assume that ten pexrcent of the NOx emissions are
in the form of NO3 at the stack. :

6-- 9
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Compare the remaining NOyx (8.9 * NOXMAX) to the
ozone concentration during the hour which .
contained the maximum sum of czone plus NOz. If
the ozone concentration is greater than 9.9 *
NOXMAX, then total conversion to NOj is assumed
(NOXMAX = NO3). If not, thenm the NO4
concentration is set equal to the ozone
concentration and added to the stack NOp portion.

IF (9.9 * NOXMAX .LE. CHIO3) THEN
CHINO2 = NOXMAX :

ELSE

CHINO2 = §#.1 * NOXMAX + CHIO3
ENDIF

The calculated NO; concentration resulting from
the source is then added to the NO3 concentraticn
during the hour which contained the maximum sum
of ozone plus NOjp.

Compare the value obtained in E to the oneZhour
CAAQS for NOj.

Annual NOs

A,

Using the year of pre-construction monitoring
meteorological data as input te the model, )
determine the maximum annual NOy concentration.

Assume 180 percent conversion of NOy to NO2.

2dd the resultant NOj; concentration obtained in B
to the annual average ambient NOp value cbtained
from the appl1cant‘s year of pre~construction
monitoring air gquality data.

Receptor Grid Spacing:

Receptor points shall be placed as follows:

1.
2,

At ZSG-meter'intervals on a cartesian'grid.

At specific discrete points to ensure that maximum

potential impact is modeled {for example - on facility

boundary line, or on sub-grid size terrain features).
Receptor grid should be large enough . in extent to
cover region({s} of significant impact{s).

6 - 14
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3. Receptors shall not be placed inside applicant's
facility boundaries. Receptors are to be placed
starting at discrete points aleng the facility
boundary line or aleong an arc 19§ meters away from the
nearest source({s), depending on whichever distance is
greater from the source(s) in question. :

4. Receptor elevations are to be obtained from 7.5 minute
USGS or more detailed topographic mabps.
: : ,

Modeling of Point Source Emissions with MPTER

.The information which appliés to COMPLEX—~II also applies to

MPTER, with the following exceptions:

1. MPTER is to be used for receptors which are at lower
elevation than the lowest stack height being modeled.

2. TI0PT (25 does not apply to MPTER.

‘Fumigation Modeling o

Fumigation modeling is alsc to be done for the CaAQSs for

one-hour NO; and one-hour 503.

Review the year "of pre-coastruction monitoring meteorslogical -
data to determine examples of worst-case meteoroleogy. All
cases of E and F stability and low wind speeds (less than or’
equal to 3 meters per second) should be examined. Wind speeds
toc low to transport offshore sources to shore after 3 hours
travel at that speed are to be increased to necessary speed to
reach shore within 3 hours.

Use actual wind directions associated with the above cases.

Depending on source locations, use either or both of the ARB
fumigation models discussed earlier {Wagner, 1984).

Use same source parameters, ezone - limiting method,; and/or
background air guality considerations as for COMPLEX-II/MPTER.

6 — 11
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Modeling of Onshore Nen-Point Source Emissions

General Information

This section outlines the Santa Barbara County Air Pollution
Control pistrict (Distriect) protocol for modellng air quality
impacts from onshore non- point source type emissions (volume and
area pources). This protocol is spec:flcally designed teo be
appllcable to the following types of emission sources:

1. - Onshore consiruction combustive emissions (Nox, PM-16, 802r
.CO)

a. Site preparation and grading
b. Facility installation and assembly

<. Pipeline rlght of way {ROW} preparation, trenching and

1nstallat10n
d. All other combustive emissions prier to fac111ty
operation . )
2. onshare constructiﬁn fugitive emissions (PM-18} -
a. |Site preparation and grading

b. Facility'installatipn
c. Pipeline ROW preparation and trenching
d.  All other ground-disturbing activities

3. Onshore cperational fugitive emissions (ROC, HsS)
This cztegory includes fugitive emissions from valves,
flanges, connections and any other ventlng of ROC to the
atmosphere.

4.  Onshore operational fugitive emissions (TSP, PM~18)

" a. Fugitive dust from excavation (mlne plts), stockpiles
: and graded areas

b. Fugitive dust from unpaved roadways and parxking lots

c. Fugitive dust from material transport -~ such as
uncovered haul trucks, railways

6 - 12
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d. Fugitive dust from materlal handling = such as .
vncovered conveyors, crushers, hoppers, screens, etc.

This protecol is designed to cover the majority of scenaries
which are anticipated to be analyzed by the District. However,
should a particular scenaric include compenents which are not
covered in this protoccl, the District will determine the
appropriate procedures to be used in the Air Quality Impact
Analysis.

The air quality model to be used for the above identified
scenarios is the Industrial Source Complex Short-Term model
(ISCST). 1ISCST is to be used for all pellutants and for all
averaging periods, including annual. This model is available
from the National Technical Information Service (NTIS) as part
of the library of air guality dispersion models titled "User's
Hetwork for Applied Modéls of Air Polliution - Version & (UNAMAP
6). 1ISCST is also available from the District.

ISCST Option Specifications

This section discusses the values to be-specified for each
option used by ISCST.

1.. 1SW Option Specificatiocons:

Opticn Optidn-List_

1

CALCULATE (CONCENTRATION=1, DEPOSITION=2)  ISW(1)=1l

RECEPTOR GRID SYSTEM (RECTANGULAR=1 OR 3,

POLAR=Z OR 4) ISW{2})=1 OR 3

DISCRETE RECEPTOR SYSTEM (RECTANGULAR‘l: : _

POLAR=2} ISW{3)=1

TERRAIN ELEVATIONS BRE READ (YES=1, NO=@8)  I§W(4)=0 OR 1
CALCULATIONS ARE WRITTEN TO TAPE (YES=1, ISW(5)=0

NO=3)

LIST ALL INPUT DATA (NO=¢g, YES=l, MET . 1sw{s)=1

DATA ALS0=2} COMPUTE AVERAGE CONCENTRATION
(OR. TOTAL DEPOSITION) WITH THE FOLLOWING TIME

PERIODS:
HOURLY (YES=1, NO=@) : ISW(7)=1

2.HOUR {YES=1, NO=#) ISW(8) =@

6 - 13
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Option-List

(Con't)
14.

11.
120
13.

14.
15.

© 16.

17,

18.

19,
29.
21.
22,
23,
24.
25.

26.

3-HOUR (YES=1, NO=@)

4 HOUR (YES=1, NO=§)

‘6 HOUR (YES=1, NO=@)

8-HOUR (YES=1, NO=@)
12-HOUR (YES=1, NO=@)

24-HOUR (YES=1, NO={)

_PRINT 'N'-DAY TABLES{S) (YES=1l, NO={)

PRINT THE FOLLOWING TYPES OF TABLES

WHOSE TIME PERIODS ARE SPECIFIED BY ISW({7)

THROUGH ISW(1l4):

DAILY TABLES (YES=1, NO=8)
HIGHEST & SECOND HIGHEST TABLES (YES=1,
NO=6)

"MAXIMUM 58 TABLES (YES-1, NO=§)

METEQROLOGICAL DATA INPUT METHOD
{PRE-PROCESSED=1, CARD=2} -

RURAL-~URBAN OPTION (RURAL=@ URBAN MODE 1l=1,

URBAN MODE 2=2)

WIND PROFILE EXPONENT VALUES (DEFAULTS =1
USER ENTERS=2, 3}

VERTICAL POTENTIAL TEMPERATURE GRADIENT
VALUES (DEFAULTS=l; USER ENTERS=2, 3}

SCALE EMISSION RATES FOR ALL SOURCES

. {NO=8, YES IS5 GREATER THAN @)

PROGRAM CALCULATES FINAL PLUME RISE ONLY
(YES=1, NO=2)

PROGRAM ADJUSTS ALL STACK HEIGHTS FOR
DOWNWASH (YES=2, NO=1)

PROGRAM USES BUOYANCY-INDUCED DISPERSION
(YES=1, NO=2) _

6 - 14
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ISW(9) =1

1SW(16)=0

ISW(11)=0
I%W(12)=1
15W(13) =49
ISW(14)=1

ISW(15)=1

ISW(16) =0

ISW({(l7)=1

15W(18) =1
ISW(19)=1 OR 2
ISW(28)=0
1SW{21)=1
ISW(22)=1
ISW(23)=var .}
ISW(24) =2
ISW(25) =2

ISW({26)=2
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Option Option-List
(Con't)
27. PROGRAM USES A CALM WIND PROCESSING ROUTINE
TO CALCULATE CONCENTRATIONS DURING CALM _
PERIODS (YES=1, NO=2) 1SW(27)=2
28. PROGRAM SETS REGULATORY DEFAULT FEATURES
- (YES=17 NO=2) ISW(28)=2
29 SROGRAM ASSUMES 50, IS BEING MODELED
(YES=1, NO=2) ISW{29)=1 OR 2
3d. PROGRAM USES AN INPUT DEBUG MODE .
: (YES=1, RNO=2) ISW(3¢)=1 OR 2
31. NUMBER OF SOURCE GROUPS (=8, ALL SOURCES) NGROUP=8
32. TIME PERIOD INTERVAL TO BE PRINTED :
(=g, ALL INTERVALS) IPERD=0
»33. SOURCE EMISSION RATE UNITS CONVERSION )
FACTOR TK=.10600E+87
34. ENTRAINMENT COEFFICIENT FOR UNSTABLE )
' ATMOS PHERE BETAl=0.680
35. "ENTRAINMENT COEFFICIENT FOR STABLE ' B
ATMOS PHERE BETA2=0. 600
36. ' HEIGHT ABOVE GROUND AT WHICH WIND SPEED ZR=var .l
WAS MEASURED :
37. LOGICAL UNIT NUMBER OF METEOROLOGICAL DATA IMET=5
38. DECAY COEFFICIENT (¢§=DEFAULT) ‘DECAY=0
39, ACCELERATION DUE TO GRAVITY (@=DEFAULT) G=0
a9 SOURCE EMISSIONS OPTION. ' QFLG=8
4. WIND SPEED CATEGORIES (8=DEFAULT) UCATS=0
T value varies with scenario simnlated. -{ﬁ?"a’
6
ol aead LS
L"':‘) _/?F" 4_.,5.1“5%
4 R 2
4 S SIS
q"""l:: ¥
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DISCUSSION:

The above option specifications are these which should be used for
submittal to the District. Should the applicant wish to employ
option specifications other than those listed above which do not
affect the concentration calculations, they may do so with proper
notification of the Dlstrlct prior to making the modeling runms.

ISW(l): This option is to be set to 1 as only concentrations are to
be calculated. WNo gravitational settling or deposition is to be
considered,

ISW(2): This option can be set to 3 if the user wishes ISCST to
create a portion of the receptor grid.

ISW(4): For modeling groundlbaseﬁ area and volume sources, ISW(4)
is to be set to # with terrain elevations not read into the model.

For modeling elevated (non-ground based) volume sources, terrain
elevations can be read -into the model (ISW({4)=1 if the lowest
effective height of emissions is greater than any of the surrecunding
terrain being modeled (Note: Slnce plume rise is not considered in
ISC5T for area and volume sources, the effective height of emissions
is equivalent to the release height of the smissions). Terrain
elevations less than the lowest effective height of emissions are to
be unaltered, however, terrain elevations greater than or egual tao
the lowest effectlve height of emissions arxe to be set egnal to g.1
meter less than the lowest effective height of emissions. This

" appreach provides for an offset distance between thez plume and the

surrounding terrain and prohibits the termination of execution of
ISCST if the elevation of any receptor is greater than or egual to
the effective height of emissions of any volume source. As an
alternative, the elevated volume sources may be modeled as
ground-based volume sources with terra1n not read inte the model.

Scenarlos which contain both ground-based and elevated volume
sources can be modeled separately and the results assumed
cumulative. As an alternative, all of the volume scurces may be
modeled as ground-based volume sources with terrain not read- into
the modeil.

For modeling scenarios which contain only area sources, IS5W({4) is to

be set to § as ISCST does not consider terrain effects for area
sources. S

6.~ 16
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For modeling scenarios which contain both area and volume. sources
{either ground -based and/or elevated) terrain is to be considered as
if the scenario contained only veolume sources.

In all cases in which terrain is not read into the model (ISW(4)=8),
the elevations of the sources above mean sea level (25) are to equal
@. In cases in which terrain is read into the model ISW(4)=1), the
actual values of source elevation (2Z5), effective height of
emissions (HS) and the terrain elewvations (GRIDZ({(IJ) zare to be input
in meters. Again, all values of GRID%(1J) must be less than the [sum
of 25 + HS for any source. !

ISW({7) through ISW(lS):_ For those averaglng perlods for which
concentrations are reguired, specify the option as equal to 1.

ISW(19): <This option can egual 1 or 2 depending on the format of
the meteorolegical data input file.

ISW({23): This option is to be set to 3 if only certain hours of a
day are to be modeled. Refer to Section D.1. (Hours of Operatlon

and Averaging Period con31derat10ns) for method of application inm

conjunction with QTK. QFLG is to equal 4. -

ISW(24) and ISW(25): These options do not affect area and volume
sources. ) .

Cc. 1IsC Madéling'for'Specific Source Types

ISCST has the ability to simulate three source types: point
(stack), area and volume. The District, however, sanctions the
use of ISCST only for non-point source emissions types.

_For each source,r the follow1ng parameters are requlred as input:
emission rate, coordinates (UTM or relative to usex origin},
elevation of source above mean sea level, height of source of
emissions above ground surface, initial vertlcal dimension {(volume
sources only) and initial horizontal dimension. Spec1f1c
information on the appropriate source parameters is discussed in
this section.

1. volume Sources (ITYPE =1}

As a rule, sources with emissions containing an initial
vertical extent are to be modeled as wvolume sources. The
initial vertical extent may be due to plume rise or a,
vertical dlstrlbutlon of pnumerous smallier sources. over a
given area.

Emissions which are te be medeled as volume sources include
these resulting from construction combustive activities
(NOy, PM-108, S0z, CO) and operational fugitive emissions
{RGC, TSP, PM~18) which emanate from numerous levels
cov?rlng the same ground surface area.

6 - 17
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Emission Rate {Q)}

The emissicn rate for velume source emissions is to be
specified in grams/second {g/s}. . The worst-case
one-hour emission rate -is to be used for all averaging
periods, except f£or annual average which will ntilize
an annual average emissionm rate. All emission rates
are to be calculated in a manner consistent with
district approved procedures.

With respect to modeling combustive PM—~16 emissions,
the following PM-14/TSP raties are to be used in the
absence of more specific information {ARB, 1987): ’

i. Stationary IC engines — diesel: #.96

ii. Statiopmary IC engines - gas: g.99
iii. vehicular Sources —diesel: - B.96
iv. vVehicular Sources - gas: ¢.99

Height of Source Above Surface (HS)

i. Constructicon Combustive Emissions

Combustive emissions from construction-activities -

are to be modeled as ground-based volume sources
(H5=¢) .

ii. oOperational fugitive Emissions

ROC fugitive emissions emanating from numercus-
levels covering the same ground surface area are
to be modeled as a volume scuzce, with the height
of emissions (HS) being set egual to the lowest
level of the ROC fugitive emissions.

Initial Vertical Dimension {SIGMA-Z&, input as TS)
i. Constructive Combustive Emissions

The vertical dimension of a ground-based volume’
source is to equal the mass emission weighted
plume rise -of all the combustive sources
contained within the volume source being

modeled. The vertical dimension of a
ground-based volume source is to be calculated in
the follewing manner: :
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Each individual source within the volume
source being modeled is to be examlned.
Utilize either the MPTER, or COMPLEX-II model
with IOPT{14), IOPT({15) and IOPT(l6) set
equal to @.  Refer to Section II.A. for the
specification of the remaining model

options. This specification of these options
will provide the user with information on
final plume height for each source. ¥or
ground-based volume sources, the final plume
height is equal to the final plume rise.
Final plume rise is to be used for the
purposes of calculating the vertical’
dimension of the volume source.

To determine the mean plume rise from the
individual sources in the volume source being
modeled, the following anticipated reasonable
worst-case meteorologlcal condltlons are to

' be utilized:

F Stability. class; 1.6 meter/second wind

speed

F Stability class; 1.5 meter/second wind
speed

F Stahility class; 2.8 meter/second wind
speed

For each individual scurce contained in the
volume source, the mean of the plume rises
associated with the above meteorolegical
conditioned is to be calculated.

hmj = ( bj{F, 1.8)+ hi(F, 1.5)+ hj(F: 2.8))/3

For each individual source contalned in the
volume . source, the mean pilume rise is to be
weighted by the emissions rate of the source
{in grams/second}. This is to be done by
multiplying the mean plume rise by the
emission rate on a source-by-source basis.

MWPRij= hmj *Qji

6 .- 19
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Sum the products of mean plume rise and
emission rate for each of the sources
centained in the volume source.

N
MWPRI
i=1

Sum the emission rates for each of the
sources contained in the volume source.

A

Qi
i=1

"To obtain the vertical dimension of a

ground-based volume source, divide the
quantity obtained in 4) by the gquantity
ohtained in 5). .

N
- MWPRj;
=l
N
Q4
i=1 -

If the vertical dimension of the ground-based

~ volume source is calculated to be greater

than 1f meters, the value is to be set equal
to 1§ meters. In no instance is the vertical
dimension of a volume source to exceed 10
meters. -

The initial vertical dimension (SIGMA-Z@) for a

ground=based volume source is then egual to the

vertical dimension of the scurce specified by the
user divided by 2.15.

2006/P373-A02
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Sum the products of mean plume rise and
emission rate for each of the sources
contained in the volume source.

N
MWPRi
i=1

Sum the emission rates for each of the
sources contained in the volume source.

N
i=1

Te obtain the vertical dimension of a
ground-based volume source, divide the

quantity obtained in 4} by the quantity"

obtained in 5).

N )
MWPRj . -
f=lovmmne
N
Qi
i=1 -

I1f the vertical dimension of the ground-based
volume source is calculated to be greater
than 1§ meters, the value is to be set equal
te 18 meters. In no instance is the vertical
dimension of a volume source to exceed 14

meters.

‘user divided by 2.15.
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ii. Operational Fugitive Emissions

The initial vertical dimension (SIGMAZZ6) of the

. volume source representing operational fugitive
emissions is t6 be equal to the vertical extent
of the ROC fugitive emitting sources {(not to
exceed 1¢ meters) divided by 2.15.

Initial Lateral Dimension (SIGMA;YG) input as V8§

Rather than model construction em1551ons or other
volume sources as one large volume source, the
emissions are to be modeled as a larger number of
smaller volume sources. The width of a wvolume source,

" Xgs 18 to be less than or equal to 58 meters in all

cases. The value of the initial latezal dlmen510n
(SIGMA-Y0) is to be egual to x,/4.3.

2. Line Sources {(ITYPE.= 1)

Emissions resulting from construction combustive activities
which occur in a relatlvely narrow corridor {such as =
pipeline trenching, pipeline ROW preparatxon and pipe
handling} are to be modeled as line sources. Line sources
are represented by a series of adjacent velume sources, the
number of velume sources {N) being equal to the
length/w1dth of the line source.

a.

Emission Rate (0}

Specifics of line source emission rates are equivalent
to those for volume sources. The distribution of
emissions along the line source is to be determined by'
the construction activities being 51mulated.

Height of Base of Source Above Surface (HS)

Specifics of the height of the base of the source
above the surface for line sources are egquivalent to
these for volume sources.: .

Initial Vertical Dimension (SIGMA-zg); input as TS

Specifics of the initial ;vertical dimensions for line
sources are equivalent to those for volume sources,

Initial Lateral Dimension (SIGMA-Y®), input as V§

The width (Xo) of adjacent volume sources used to

- represent a line source is to be less than or equal to

50 meters in all cases. In most circumstances, the
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the value of Xo for line sources will be on the ocrder
of 20 meters of less. The value of the initial
lateral dimension (SIGMA-Y8) is to equal ¥g/2.15 for
adjacent volume sources used to represent a line
source.

Area Sources (ITYPE=Z)

Emissions which are to be modeled as area sources include
fugitive emissions of PM-1§/TSP and ROC. Axea sources are
characterized by non-buoyant emissions containing
negligible vertical extent of release.

Fugitive particulate (PM-1¢, TSP} emission souxces include
areas of disturbed greound, which may be present during both
the construction (clearing, grading, excavating) and
operational {open pits, unpaved roads, parking lots) phases
of a facility's life. -Alsc included are areas cf exposed
material storage {stockpiles) and segments of material
transport where potential fugitive emissions may occur
{(uncovered haul trucks or rail cars, emissions from unpaved
roads) . Fugltlve emissions may also occur during stages of
material handling where particulate material is exposed to
the atmosphere (uncovered conveyors, hoppers and crushers}“

Fugitive hydrocarbon (ROC) emissions emanating from a
spacific level are to be modeled as area sources. This may
include fugitive emissions from valves, flanges, venting
and other connections which occur at ground level cor at an.
elevated level or deck if on a building or structure.
Sources of fug;tlve ROC emissions with a vertical extent
greater than one meter are to be modeled as volumé sources.

a. Emission Rate (Q)

The emission rate for area sources is to be specxfled
in grams per square meter per second {g/s-m 2y. The
worst-case one-hour emission rate is to be used for
all averaging periods, except for annual average which
will utilize an annual azverage emission rakte. All
emission rates are to be calculated in a manner
consistent with District approved procedures.

With respect to modeling fugitive PM-16 emissions, a

PM-18/TSP ratio of £.64 is to be used in the absence
of specific 1nformat10n (ARB, 1987}.

& ~ 22
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'b.  Height of Source Above Surface (HS)

The height (HS) of the area source above the surface
is to be specified as the height from which the
emissions emanate. ' For example, all ground-based
activities which result in fugitive emissions are to
be modeled with HS equal to #i. In cases of modeling
fugitive emissions as area sources which emanate from
an elevated level or deck, the value of HS is to equal
the height of the level or deck above the ground
surﬁace.

c. width of a Square Area Source (Xg, input as v§)

Rather than model area sources as one large area
source, the emissions are to be modeled as a larger
number of smaller area sources, The width of an area
source, Xg, is to be less than or equal to 50 meters
in all cases.

D.  Scheduling and Averaging Period Considerations.
1. Onshore Ceonstruction Combustive Emissions
a. Scheduling Methodology

For purposes of modeling airx quallty impacts from
construction combustive emissions, construction
activities .are to be analyzed comsistent with any
ocperating limitation {enforced by permit
conditions} which specify the period(s) of the-
year and/or hours of the day the constructien
activities are to occur. Should the scheduling
of a particular construction scenarioc be unknown
or should permit conditions limiting periods of
construction not be in effect, the construction
combustive activities are to be modeled as
occurring 24 hours a day, 365 days a year. As an
alternative, an applicant may agree to operatlng
limitatiens to construct for specific hours of .
the day and /or pericds cf the year.

In order to provide a degree of potential
construction scheduling flexibility to an
applicant, a one-hour period both preceding and
following the projected hours of construction is
to be analyzed. Likewise, for proposed
construction activities less than three months in
duration, a one-month period both preceding and
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following the projected. period of construction is
to be znalyzed. For propesed construction
activities longer than three months in duratiaon,
a minimum two-month period both preteding and
foilowing the projected period of construction is
to be analyzed. However, the entize period to be
analyzed is not to exceed one year.* ' '

As an example, construction activities which are
projected to occur from §788 through 178§ local
standard time are to be modeled as @668 through
1860 in the air gquality impact analysis. This is

"equivalent to model input hours 7 through 18,

with model imput hour 7 egualing the interval
from 6603 to §788. It is important to model all
construction activities consistent with local
standard time as the meteorological data input
inte ISCST is based on this time scheme. To
continue this example, construction activities
which are projected to occur from L February
through 1 August are to be analyzed using the
meteorclogical data from the period 1 December
through 1 October. -

Modeling Methodology and Averaging Period
Considerations

- Modeling air guality impacts for all-averéging

periods from construction combustive emissions

'occurring during specific hours of the day or

perieds of the year can be accomplished in the
foliowing mannexr:

i. Utilize the peried of pre-construction
monitoring (PCM) meteorological data
determined per the scheduling method
presented in Section D.1l.a.

ii. Specify ISW(23)=3 in the input option list.
iii. Specify QFLG=# in the input option list.

iv. For parameter QTK of the input opticn list,
apply a scalar value of 1.@ for all hours of
potential ceonstruction activity as i
determined per the scheduling method
presented in Section D.l.a. (example: -Hours
7 through 18) and apply a scalar value of
g.8 for all remaining hours.

* The one year period is not necessarily a calendar year, but is the
cunning yvear during which the maximum construction emissions would

oCcCur.
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The annual averazdge concentration from
construction activities which are conditicned to
occur for less than a one-year period is to be
calculated by-multiplying the average
concentration- for the pumber of days of
metecrclogy modeled {calculated by ISCST when
ISW(15)=1) by the number of days in the !
construction pericd amalyzed ({as determined by
the scheduling methocd presented in Section D.1l.a)
and dividing by 365. -

In some instances, there may be several distinct
construction activities occurring at a single
site during a one-year period which are
conditioned to not cccuxr simultanecusly. In
these instances, each construction activity is to
be analyzed with, the schedule determined per the
scheduling methodology presented in Section
D.l.a. ©Should separate construction activity
analyses overlap due to consideration of the
one-month period preceding and following the
conditioned activity, then the analyses are to be
petformed separately with the period of time
beyond the period of conditioned act1v1ty being
spiit equally so as to not result in modeled
overlap' between scenarios. Short—-term (less than
or egual to 24 hours) averaging periods are to be
obtained directly from the mcdeling results of
each construction activity. The annual average
is then obtained by summing the scaled "annual
average” impact from each separate construction
activity. The annval average impact is not
necessarily a.calendar year, but is the running
year during which the maximum construciion
impacts would occur.

Onshore Construction Fugitive Emissions

- Fugitive dust emissions occurring as a result of

construction activities are to be modeled con51sLent
with the protocel for censiructlion combustive
emissions except that the fugitive emissions are to be
modeled for all 24 hours of the day. This is
consistent with the district protocol of calculating
average fugitive dust emissions based on-a 24 hour day

‘which includes periods of active construction as well

as periods of 1nact1v1ty. ISW(23) and QFLG are to be
both specified as # and OTK is not to be specified.
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3. Cnshore Operational Fugitive Emissions {ROC)

Operational fugitive ROC emissions are assumed to be
constant and not a function of time of day. ISW{23)
and QFLQ are to be both specified as @ and QTK is not
to be specified. Alr guality impacts for all
averaging periods are to be modeled using the entire

-- Year of pre-construction menitoring (POM)
metecroleogical data. .

4, Onshore Operational Fugitive Emissions (TSP, FM~18)
Those;emissions which are independent of the
operational schedule of the facility are to be modeled
in the same manner as fugitive ROC in 3 above. This
may include fugitive dust from stockpiles,
excavations, graded areas, etc. - Emissions which are
dependent upon facility operation, such as those frem
ccnveyors; crushers, etc., are to be modeled in the
manner of the construction emissions in Section 1.a
above, with the assumption that the facility is in
operation 365 days a year.

E. Meteorology

Hourly metecxolegical inputs reguired by ISCST are wind speed,
flow vector (direction toward which the wind is blowing (for
beth ISW(1%)=1 and 2}, temperature, stability class, and mixing
height. The user should not input the hourly wind profile
exponent and vertical potential temperature gradient, but should
use the internal default values by specifying both ISW(21l) and
I5W(22) as 1 in the input option list.

‘for . informational purpecses,; the default wind profilé exponents a
2 functien of stability class are:

-16, .15, .26, .25, 3@, 138

and the default vertical potential temperature gradients as a
function of stability class are:

g., 6., 6., €., .82, .@35.

Hourly wind speed, wind direction and temperature are to be
obtained from previously approved APCD pre-construction

monitoring. It is important to note that the direction from
which the wind is blowing must be reverssd 186 degrees to
conform with the average flow wector (the direction toward which
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the winé is blcwing}. Stability class is to be cbtained in a
manner consistent with EPA document™ Guideline on Air Quality
Models (Revised)," July, 1986 (USEPA, 1986). Twice daily mixing
heights are available from Pt. Mugu and Vandenberg. If
unavailable, hourly mixing heights can be estimated from
{(Holzworth, 1972).

1. Calm Scenarios

‘a. Al1ll wind spéeds less than 1 m/sec must he converted
to 1 m/sec prior to input to the ISCST model.

b. The CRSTER pre-processor, which may be utilized, deals
) with calm winds (howrly mean wind speed approachlng 9)
in the felleowing manner:

i. wind speeds less than 1 m/sec are- set equal to 1
m/sec.
ii The wind direction is set equal to the value for

the last non-czlim hour.

‘Background Air Quality

To assess one, three and eight-hour background ait quality
values for construction activities which occur for only a
portion ef the day, use the observed background air guality only
for the hours of construction activities which were modeled.
Likewise, teo medel construction activities which occur for only
a porticon of the year, use the observed background air quality
only for the portion of the year during which construction

~activities were modeled. Twenty-four hour average background

air quality values are to be selected from the portion of the
year during which the construction activities were modeled.
Annual average background air quallty values are to be obtained
from the year of PCM ambient air gquality data collected by the
applicant. Otherwise, the protocol included in Sections 6.1I1.D.
and 6.II, E. of the District's Permit Processing Manual are to be
used.

.Receptor Grid Spacing

Receptor points shall be placed as follows:

1. At 258'meter_intervals on a cartesian grid.

2. At specific discrete points to ensure that maximum

potential impact is modeled (for example, on facility
boundary line). The receptor grid should be large enough
in extent to cover region(s) of significant impact(s).
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3. Receptors shall not be placed inside applicant's f301lzty
boundaries. Receptors are to be placed starting at
discrete points along the facility boundary line or along
an axc 109 meters away from the nearest source(s) (or Xg/2
+ 1843 meters away from the nearest area source(s))
dependlng cn which distance is greater from the source(s)
in gquestion.

4. Refer to discussiorn of ISW(4) for spacifics of terrain
considerations. If terrain elevations are to be utilized,
they are to be obtained from 7.5 minute USGS or more
detailed topographic maps. -

Modifications

In order to assess cumulative air quality impacts from different
source types, modeled polldtant concentrations from point
sources and non-point sources which impact the same receptor

-during a2 given hour are to be summed together. This will

require the use of a post-processor program and modification to
the ISCST code te output concentrations in a fermat acceptable
to the post-processor program and the regquired medification to

‘ISCST.

Modeling of offshore and Asseciated Coastal Source FEmissions
General Information

This section outlines the Santa Barbara County Air Pollution
Control pistrict (District) protocel for modeling inert ’
pollutant air quality impacts from offshore sources and coastal
{i.e.; within 1 km) point scurces which are directly associated
with offshore sources of air emissiens. The air quality model
presented in this section is 0CDCPM, which may be used for

‘sources in these 51tuat10ns.

The OCDCPM medel is to be used for all inert pollutants. and =ll
averaging periods. OCDCPM is available on magnetic tape from
the District.

This protocol is designed to cover the majority of scenarios
which are anticipated to be analyzed by the District. However,
should a particular scenaric include componénts which are not
covered in 'this protocol, then the District will determine the
appreopriate procedures to be used in the Air Quallty Impact
Analy51s. :

6 ~ 28
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Model Descriptioh

The OCDCPM model is a hybrid of the Offshore and Coastal
Dispersion (OCD) model (Version 3.9, as updated in January

-1986) developed by the Minerals Management Service (MMS),

and the Environmental Protection Agency's (EPA) COMPLEX-I
and MPTER models. OCD was developed for use with offshore
sources. COMPLEX-I and MPTER are EPA UNAMAP models for
multiple sources in complex and simple to rolling terrain,
respectively.

The OCDCPM hybrid model was developed by the Distriect with
technical guidance from EPA Region IX and the California
Air Resources Board. The model uses the CCD algdrithm to
accomplish dispersion from offshore sources. At the
shoreline, the OCD dispersion is continued for receptors at
or below. the lowest stack height. For receptors located
above the lowest stack height, a transition to the
COMPLEX~I dispersion and terrain algorithms is accomplished
at. the shoreline using a virtual peint source treatment.

In addition, a calculation is performed for above stack
receptors usimg the OCD algorithm. Feor these complex
terrain receptors, the higher of the 0OCD and OCD/COMPLEX-1I
calculations ‘is retained and repoérted as the impact. '

- For onshore sources, the 0CDCPM model reduces to MPTER for
‘receptors located at or below the lowest stack height, ang
reduces to COMPLEX-I for above stack receptors. The OCDCDM -

model chooses and uwtilizes the appropriate EPA . recommended
model in each case based on source location (onshere or
offshore) and receptor elevation with respect to the lowest
stack height,

Applicable Scurce Types

The OCDCPM model is applicable to coastal projects which
include offshore socurces of air emissions. TFor example, an
oil development project that included emissions from one or
more offshore platforms, zssocciated mobile sources such as
tankers or supply boats, and cocastal processing facilities
would use the OCDCPM model for all offshore emissions and

. for all onshore point source emissions. Offshore mobile
" sources, such as vessels and barges, are to be simulated

with OCDCPM as a series of point sources covering the
expected area of emissions during each applicable averaging
period. Fugitive hydrocarbon emissions from offshore
sources. are alsc to be simulated as multiple point sources
covering the expected area of emissions.
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Onshore non-point {area, line, or volume) sources, such as
- those produced by construction activities or fugitive
emissions, should be modeled with the ISCST model ({see
Section 6-V of this manual). o©Onshore projects which do not
irdclude offshore emission sources should model point souzce
emissions using either COMPLEX-II or MPTER, depending on
the terrain height in the impact area (see Sections 6-1II
and 6-II1 of this manual). 1In addition, fumigation
conditions are also to be modeled for both onshore and
offshore sources to assess project compliance with the
one~-hour NOj; and S07 Califernia ambient Rir Quality
Standards {CARQS) (refer to Section 6-IV of this manual).

3. Specifications for District Submittals

All Air Quality Impact Apalyses performed for the proposed
pro;ect utilizing the OCDCPM model shall calculate the
maximum impact value as the peak modeled impact value, from
the combined onshore and offshore contributions, plus 20
percent of the peak modeled impact value (peak value x 1.2)
to adjust for observed under predictions associated with
the individual models used in this approach, It is
impoertant to note that OCDCPM dees not include an algorithm
to multiply the peak modeled concentration by 1.2; this
must. be deone by the user as a post processing exercise.

CCDCPM Model Input Requirements

This section discusses principal model input requlrements. For

additional information, refer to Sections 6-11 and 6-III of this
manual, ‘and to OCD and MPTER documentation {Hanna, et al., 1984;
Pierce and Turner, 1988) .

1. . Main Model (IOPT)_Option Specifications

Table 6-VI-1 lists the major model options to be used in
simulations with OCDCPM. The listed specifications should
be used for 'all submittals to the District. Should the.
applicant wish to.employ option specifications other than
those listed which do not affect the concentration
.calculations, they may do so with proper notification of
the District prior to submission of medeling results.
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~IOPT (1) through IQPT (24) have the same specifications as

in the COMPLEX-II, and MPTER models.

IOCPT (25) should be set to one (1) in all cases, which will
enable the model to read the additional overwater o
meteorological data (refer to Section 6-VI-D.l.b. of this
manual for a discussion of the overwater meteoroclogical
data set).

IOPT {26) should be set to zerc {8) {mo pollutant decay j
rate} and IOPT (27) should also be set to zero (#) (do not
adjust reflection factor for sloping terrain). IOPT (27)
only affects calculations using the OCD terrain algorithm.

IOPT (28) is the complex terrain option. This parameter is
the same as IOPT (25) in the COMPLEX-IT model and should be

. set to one (1) in all cases.

Overland Wind and Terrain Options -

This section of the model imput stream requires information
concexrning the onshore anemometer height, the surface
roughness length, terrain adjustment factors, the minimum
height of the plume above terrain, the latitude 6f the
source region, and wind profile exponents. :

The actual height at which the wind data used in modeling
were taken should be specified as the anemometer height
{HANE) .

surface roughness lengths (ZOL) for wvarious types of
terrain are listed in Table 6-Vi-2. A weighted average
roughness length for the source/receptor area should be
used based on the distribution of terrain and vegetation
types.

The following terrain adjustment factors {CONTER} should be
used .for stabili;y classes A through F, respectively:

8.5, ¥.5, 6.5, 6.5, 8.0, 6.0

The minimum height of the plume above terréin {ZMIN) should
be set to 10.¢ meters.

6 - 31
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OPTICN OPTION LIST C OPTION SPECIFICATIGN: § = IGNORE OPTION
: ' - : 1 = USE QPTION
1 USE TERRAIN ADJUSTMENTS _ 1
2 DO NOT INCLUDE STACK DOWNWASH CALCULATIONS g
3 DO NOT INCLUDE GRADUAL PLUME RISE CALCULATIONS g
4 USE BUOYANCY INDPUCED DISPERSION 1
5 READ MET DATA FROM CARDS g or 1
S READ HOURLY EMISSIONS g
7 "SPECIFY SIGNIFICANT SOURCES : g
8 READ RADIAL DISTANCES TO GENERATE RECEPTORS g
o PRINTED. OUTPUT OPTIONS
g’ DELETE EMISSIONS WITH HEIGHT TABLE 1
13 DELETE MET DAT2Z SUMMARY FOR AVG PERIOD 1
11 DELETE HOURLY CONTRIBUTIONS 1
12 DELETE MET DATA ON HOURLY CONTRIBUTICKS 1
13 -DELETE CASE STODY PRINTOUT OF PLUME TRANSPORT 1
AND DISPERSION ON HOURLY CONTRIBUTIONS
14 DELETE HOURLY SUMMARY : 1
15 DELETE MET DATA ON HRLY SUMMARY. 1
16 DELETE CASE STUDY PRINTOUT OF PLUME TRANSPORT - 1
AND DISPERSION ON HOURLY SUMMARY
17 DELETE AVG-PERIOD CONTRIBUTIONS 1
18 DELETE AVERAGING PERIOD SUMMARY 1
19 DELETE AVGC CONCENTRATIONS AND HI-5 TABLES ]
OTHER CONTROL AND OUTPUT OPTIONS
20 . RUN IS PART OF A SEGMENTED RUN (Disabled)} a
21 WRITE PARTIAL CONC TOQ DISK OR TAPE (DiSabled} g
22 WRITE HOURLY CONC TO DISK OR TAPE g
23 WRITE AVG-PERIOD CONC TO DISK OR TAPE (Disabled) g
24 PUNCH AVG—PERIOD CONC ONTOC CARDS (Disahbled) g
25 READ OVERWATER METEOROLOGICAL DATA 1
26 SPECIFY POLLUTANT DECAY RATE g
27 ADJUST REFLECTION FACTOR FOR SLOPIKG TERRAIN g .
28 COMPLEX TERRAIN OPTION 1

6 - 32
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TYPICAL SURFACE ROUGHNESS LENGTHS FOR VARIOUS GROUND COVERS?®

GROUND COVER

SURFACE ROUGHNESS

LENGTHS {meters)

Water sur;‘faceb

fallow field or low grass

High grass

Sand dunes

Flat rural, few frees®

Rural, rolling terrain, few treesC

‘Woods®€
Sﬁburband -

‘Urban®

Dense vegetation cover

G.66881 - 6.064
.91 - 6.03
$.63 - 6.18

#.95 - g.1@

© 9.993 - §.03

g.61% ~ 8,15
1.98

6.5 - 1.5
1.5 - 4.4
1/8 of the

average canopy
height

2From Hanna, et al., 1984.

broughness length increases with increasing wind speed.

“Roughness length increases for taller or more closely spaced
obstacles to wind flow, or for higher terrain obstacles.

6 - 33
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The following wind profile exponents (PL) should be used:
9.1, .15, 6.208, .25, 9.3d, 6.38

Point Scurce Description Information

.The following inputs are required for each source of emissions

modeled: source location (Universal Transverse Mercator (UTHM)
coordinates), pollutant emission rate, height of tallest
building at or near stack location, height of stack top above
reference level, stack gas temperature, stack inside diameter,
stack gas exit velocity, deviation of stack angle from the )
vertical, and the source "ground level” elevation. All of these
parameters must be reviewed by the District engineering staff
prior to submission of modeling results,

Maximum hourly emission rates are to be used in medeling all
averaging periods less than or egual to 24 hours. Annual
average emission rates are to be used in modeling all annual
average concentrations. Emission rates are described more fully
in Section 6.II.C. of this manual.

Theé height of the building or obstacle at or near the stack
location that exerts primary influence on building downwash
effects must be specified. In many cases, this will be the
building to which the stack is attached. However, if a nearby
building or other solid structure has larger dimensions than the
building to which the stack is attached, the Good Engineering
Practice (GEP) stack height should be calculated foxr each
building (refer to Rule 2¢5.C.1l.a.16 for GEP stack height
definition), and the height of the building with the higher GEP
stack height should be used for this parameter. For an offshore
platform, this parameter will be the height of the tallest solid
structure or section on the top deck of the platform, specified
as the height above the source "ground level." The source
"ground level" is defined below.

The stack height is specified as the height above the source
*ground level.,"” For onshore sources, the source "ground level”
is the local ground elevation. For simple offshore sources in
contact with the water {crew and supply boats, tankers,
construction barges, etc.), the water level is the source
"ground level™ (ELP(NPT)=d.). For more complex offshore sources
that extend above the water on stilts or legs, such as drilling
or production platforms, the source "ground level” is the base’
structure above which the stack extends. For instance, the
source "ground level" for a multideck platform would be the

height zbove the water level of the lowest deck. The definition
. of stack height for a non-vertical stack is discussed below.

& - 34
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‘The dev1at10n of the stack angle from the vertical is specified

in degrees., A wvertical stack would have a stack angle deviation
of #.8, a horizontal stack would show a deviaticn of 9d.8.

Other angles are possible, For a non-vertical stack, the stack
height is not defined as the physical length of the stack, but
rather 15 the height of the center of the stack top above the
source "ground level.”

The final parameter reguired in this section is the elevation of
the source "ground level" defined above. For onshore scurces,
this is the ground elevation above mean sea level. For
platforms, this is the elevation above mean sea level of the

lowest platform deck. The elevation of the sogurce "“ground

level™ is to be specified in feet or meters with the appropriate
multiplier indicated for variable CELM in card type 4. For

.simple offshore sources in contact with the water (i.e. crew and

supply boats, tankers, construction barges, etc.) the source
M"ground level" elevation (ELP{NPT)) will be zero (d.).

As an example of the interrelationship of the parameters
described above, consider an offshore platform with three decks,
at 15, 25, and 35 .meters above the water surface. The source
"ground level" would be the elevation of the lowest deck, 15
meters. All stack heights would be defined as heights above the
lowest deck. For instance, a diesel source with a vertical
stack that was two (2) meters tall and was located on the second
deck weuld have a value of (25 - 15) + 2 = 12 meters for the
stack height. & flare boom with a length of 20 meters that
extended from the top deck at a 45 degree angle would have a
stack height of (35 - 15) + (sin 45 degrees x 20) = 34.14
meters. The height of the obstacle influencing downwash would
be the height of the largest solid structure extending above the
upper deck. For example, a three (3} meter high enclosure on
the upper deck would be specified as a height above the source
"ground level" of 15 meters, that is (35 - 15) + 3 = 23 meters.

Meteorology

As the OCDCPM model is to be applied to offshore sources and.
coastal point sources associated with offshore facilities, both
overland and overwater meteorology are required inputs. In
order for OCDCPM to consider overland and overwater :

: meteorolegical data inputs, both I0PT(5) and IOPT(ZS) must be

set equal to 1.

6 - 35
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Default metecrological data, which can be generated internaliy
by OCDCPM when measured data are not available, are not to be
used. All meteorological inputs to OCDCPM must be obtained
externally either as data actually.measured and accepted by the
District, or as specified wvalues listed in Section D.l.c. For
every hour contained in the simultaneous overland and overwater
“data sets, all parameters must be épecified with a value. This
will result in OCDCPM not calculating default meteorological
data or applying the climatological values of data provided by
the user,

Overland and overwater preconstruction menitoring data sets to
be used as input to OCDCPM, must be of at least.one year
duration with a minimum 9% percent approved data capture rate.
The following procedure may be used to "fill in" the data set to
106% capture. Generally, short pericds of one to six hours may
be interpolated, with District approval, from data at the same
site. Longer periods of missing data may be filled in with.
“actual data from apother site{s) which the District has approved
as representative., .Data from offshore sites can not be used to
substitute for missing data from onshore sites, although with.
District approval, data from onshore sites may be substituted
for data from an offshore site if no other representative
offshore slte is available. ! .

In all cases, overwater turbulent intensities (IYW, 1ZW) will be
the reasonable worst case values presented in Table 6-IV-4.

It must be emphasized that the requirement to utilize all or
part of the reascnable worst-case meteoroclegical data as
prescribed above does not imply that the applicant is not
required to collect preconstruction monitoring data. &Applicants
will be réquired to collect and have validated by the District
at least one year of air guality and meteorclogical data prior
to the District considering the project application as
complete, The reasonable worst-case meteorological data, are to
be used in lieu of actual data when the actual data are missing
~ for extended periocds, when the data have not been collected
according to the Districts monitoring proteocol, or if the data

b — 36
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are deemed unacceptable by the District. Analyses outside the
District permitting process which may not regquire -
preconstruction monitoring of metecrological data must utilize
the reasonable worst-case values.

1.

‘Meteorological Data Set Considerations

-This section'presents the-meteorologicél data sets which

can be utilized by OCDCPM. Meteorological input parameters
required by OCDCPM to satisfy District reguirements are
discussed with respect to the hierarchy and manner in which
these data are to be input to the medel.

& .

Overland Meteorology

Overland meteorological parameters reguired by 0OCDCPM
are wind speed, wind direction, temperature, stability
class, and mixing height. At a minimum, Hourly
averaged wind speed, wind direction, stability class
and temperature are to be obtained from the
District-approved preconstruction menitoring pregram
for the proposed project (SBAPCD, 1985). A discussion
of the overland meteorclogical parameters and -the

.hierarchy of their use is as follows:

i. Overland wind direction

- use measured overland values, if available.

- If measured overland values are not
available, the applicdant must use reasonable
worst-case meteorology (Section D.l.c.) for
all parameters of both the overland and.
additional meteorological data sets,

ii. Overland wind speed

- use measured overland values, if available.

Calm periods in the overland data set are to be
handled as follows:

6 ~ 37
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All wind speeds less than 1 m/sec must be
converted to } m/sec prior to imput to the
OCDCPM medel.

The CRSTER pre-processor, which may be
utilized, deals with calm winds (hourly mean
wind speed approaching #) in the following
manner: :

- Wind speeds less than 1 m/sec are set
equal to 1 m/sec.

~ The wind direction is set equal to the
value for the last non-calm hour.

If measured overland values are not .
available, the applicant must use reasonable
worst-case meteorology (Section D.l.c.) for
all parameters of both the overland and
additional meteoroldgical data sets.

>

iii. Overland air temperature

Use measured overland values, if available.

If measured values are not available, use the

" value specified in Section D.l.c. for all

hours.

iv. Overland stability class

Use values calculated per District procedures

{SBAPCD, 1983; USEPA, 1986) if the data used
to calculate stability class are available.

If calculated values are not available, the
applicant must use reasonable worst-case
metecrology (Section D.l.c.) for all
parameters of both the overland and
additional meteorological data sets.

v. Overland mixing height

Twice daily mixing heights are available from Pt.
Mugu and Vandenberg. If unavailable, hourly
mixing heights can be estimated from Holzworth
(1972} .

.6 - 38
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iii. Overwater mixing height

iv.

vi..

Use measured overwater values, if available,
and specify JOPT{3}=1.

If overwater values are not available and an
actual onshore data set is being utilized,
use a value of 250 meters. ‘ :

If reasonable worst-case meteorological data
are to be used, use the range of values
specified in Section D.l.c. and specify
JOPT{3)=1.

Overwater relative humidity

Use measured overwater values, if avallable,
and specify: :

JOPT(4)=1 if relative humidity is provided;
JOPT(4)=2 if wet bulb temperature is provided;
JOPT(4)=3 if dew point temperature is
provided.

If overwater values. are not available, use
the value specified in Section D.l.c. for alil
hours and:specify JOPT(4)=1.

Overwater air temperature’

Use measured overwater values, if available,
and specify JOPT(5)=1.

If overwater values are not available, use
the value specified in Section D.l.c. for atl
hours and specify JOPT(5)=1.

Water surface temperature

Use measured overwater values, if available,
and specify: :

JOPT (6)=1 if'water surface is provided:
JOPT{6)=2 if air minus water surface
temperature is provided.

If overwater valules are not available, use
the value &pecified in Section D.l.c. For all
hours and specify JOPT(6)=2.
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ii. Overwater wind speed

Use measured overwater values if available
and specify JOPT(2)=1l.

If overwater wvalues are not available,
incorporate overland values from District-
approved onshore site directly into the
additional meteorological data set and
specify JOPT(2)=1. This will result in not
allowing OCDCPM to calculate a default -
cffshore wind speed for the overland data.

If overwater and overland values are not
available, use value specified in. Section
D.l.c.. for all hours and specify JOPT(2)=1..
1f both overwater and overland wind
directions are not available, the applicant
must use reasonable worst-case metecoroclogy
{(Section D.l.c.) for all parameters of both
the additional metecrological data and
overland data sets.

iii, Overwater mixing height

Use measured overwaber values, if available, - ..

and specify JOPT(3)=1l.

1f overwater values are not available and an
actual onshore data set is being utilized,
use a value of 25¢ meters. .

If reasomable worst-case meteorological data

are to be used, use the range of values
specified in Section D.l.c. and specify
JOPT(3)=1. :

iv. oOverwater relative humidity

Use measured overwater values, if available,
and specify: :

JOPT(4)=1 if relative humidity is provided;
JOPT (4)=2 if wet bulb temperature is provided;
JOPT(4)=3 if dew point temperature is
provided.

If overwater values are not available, use -

the value specified in Section D.l.c. for all
hours and specify JOPT(4)=1.. :

6. - 449
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v. Overwater air temperature

Use measured overwater values, 1f available,
and- specify JOPT(S) =1.

If overwater values are not available, use
the value specified in Section D.l.c. for all
hours and specify JOPT(5)=1.

vi. Water surface temperature

Use measured overwater values, if available,
and specify: : -

JOPT(6)=1 if water surface is provided;

JOPT(6)=2 if air minus water surface
temperature is provided. :

I1f overwater values are not availabie, use
the value specified in Section D.l.c. for all
hours and specify JOPT(6)=2.

vii. Overwater wind direction shear

In all 1nstanceS, a value of -999.9
{indicating missing data) is to be used for
all hours. JOPT(7) is to be specified as @.

viii. Overwater horizontal turbulence intensity

-

A value of @.845 is to be used for all hours,
in all instances. Actual measurements of
this parameter will not be approved for use
by the District until further studies have
been conducted to examine the OCPCEM model
parameterization of plume dimensions from
turbulence intensities. JOPT(8) is to be
specified as 1 in all situations. This will

" result in not allowing QOCDCPM to calculate

default values of overwater horizontal
turbulence intensities.
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ix. Overwater vertical turbulence intensity

- A value of 0.862¢ is to be used for all hours,
in all instances. Actual measurements of
this parameter will .not be approved for use
by the District until further studies have
been conducted to examine the OCDCPM model
parameterization of plume dimensions from
turbulence inténsities. JOPT(9) is to be
specified as 1’ in all situations. This will
result. in not allowing QCDCPM to calculate
default values of overwater wvertical
turbulence intensities.

x. Overland turbulence intensities

- Overland horizental and vertical turbulence
intensities (IYL and IZL, respectively) are
not to be used as direct input to OCDCPM. .
Utilize a value of -999.9 for this parameter
which indicates that overland turbulence
intensities will not be used. Specify

~JOPT({16) as @ in all sitvations. Overland
horizontal/vertical turbulence intensities
can be used to calculate stability
classifications per District procedures and
used as input in the overland data set.

xi. Overwater vertical potential temperature gradient

- In all instances, the value specified in
Section D.l.c. is to be used for all hours.
JOPT (11) is to be specified as 1.

Table 6-VI-3 summarizes the additional metecrological data
options which can be used in the OCDCPM simulations.

The height of the overwater anemometer and air temperxature
sensor must also be provided. Specify the actuwal height of
these instruments in meters above the water level or
utilize a value of 1¢ meters if these parameters are not
measured (reasonable worsi-case meteorclogy is being
utilized).
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Reasonable Worst-Case Meteorological_Data

The adequacy of any overwater or overland meteorological
data set will be determined by District staff on a

. case-by-~-case basis. The applicant should review praposed
- meteorological data with the District prior to commencement

of OCDCPM medeling. If certain data requirements listed in
Sections VI.D.l.a. and VI.D.l.b. are not met, the analysis
mpst utilize reasonable worst-case meteorelogy as input to
OCDCPM. The reasonable worst-case data set is pPresented in

‘Table 6-VI-4,

If the use of reasonable worst case meteocrology is
required, then the user is to prepare an hourly data set as
specified in Table 6-VI-4 of this manuval, including all
wind directions likely to produce maximum impacts from the
proposed project on coastal terrain. A variety of mixing
heights should be examined in initial model runs to
determine the height that will result in the highest
modeled impacts. Equivalent overland and overwater mixing
heights from 10¢ to 384 meters, in 5¢ meter increments,
should be assessed for each wind direction modeled. The
District has created an interactive FORTRAN program that
will assemble an appropriate data set when reasconable
worst-case meteorological data are required for all
parameters. Potential users may contact the District for a
copy of the program. ' .

TABLE 6-VI-3. :

ADDITIONAL METEOROLOGICAL DATA OPTIONS FOR OCDCPM SIMULATIONS

OPTICON LIST - : . OPTION SPECIFICATION*

o

OVERWATER WIND DIRECTION PROVIDED a
OVERWATER WIND SPEED PROVIDED 1
OVERWATER MIXING HEIGHT PROVIDED 1
OVERWATER HUMIDITY SPECIFICATION 1
OVERWATER AIR TEMPERATURE PROVIDED - 1
WATER SURFACE TEMPERATURE SPECIFICATION 1 or 2-
OVERWATER WIND DIRECTION SHEAR PROVIDED g
OVERWATER HORIZONTAL TURBULENCE INTENSITY PROVIDED 1
OVERWATER VERTICAL TURBULENCE INTENSITY PROVIDED 1
OVERLAND TURBULENCE INTENSITY PROVIDED g
1

Unless otherwise specified, 'l = provided, ¢ = not provided, or
do not use. : - .
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TABLE 6-IV—-4. REASONABLE WORST-CASE METEOROLOGICAL DATA SET
FOR OCDCPM SIMULATIONS

PARAMETER - -

- INPUT -VALUES (§) -~~~

Qverwater
Wind Direction (WD)

Wind Speed (WS)

. Mixing Height (HLW)

Relative Humidity (WHUM)
Alr Temperature (WTA)

Air to Sea sSurface (WTS)
Temperature Difference

Wind Direction Shear (WDSHR)

Overwater Hoiizontal.(IYW}
Turbulence Intensity

Overwater Vertical (IzwW)
Turbulence Intensity

Overland Horizontal {(IYL)
Turbulence Inten51ty

Overland Vertical (IZL)}
Turbulence Intensity

Vertical Temperature
"Gradient (WDTHDZ)

Overland
Wind Direction (WD)
Wind Speed (WS)

Mixing-Height (HLH)

Stability Class (KST)

Air Temperature (TEMP)

6 ~ 44

Applicable sector of wind
directions in éne degree
(19) increments

1.¢ m/sec

Height to result in
highest modeled impacts or
189 to 3806 m in 59 m
increments

94 percent

298° K

2.89 K

29999

. @.845

@ 020
-999.9
~996.9

g.25%/m

Same directions as used
for overwater data set

1.8 m/sec

Same mixing heights as
used for overwater data set

6 (Stability Class E)

299° K
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When utilizing reasonable worst-case meteoroclogical data,
maximum modeled concentrations will be representative of
one-hour averaging periods only. Table 6-VI-5 lists
multiplying factors which are to be used to convert the
maximum one-hour modeled concentrations to concentrations
representative of longer averaging periods.

TABLE 6-VI-5.
FACTORS TO CONVERT ONE-HOUR MODELED CONCENTRATIONS TO
LONGER AVERAGING PERIODS.

1

Modeling Result - Averaging ' Multiplying

Averaging Period Period : - Factor
i-hr ' 3-hr I . 9.99
1-Hr 8-hr ' .79
1-hr 24-hr ‘ . . B.40

1-hr " . Annual g.19

Overwater Climafological Values

Card type 14 of the OCDCPM input file requires monthiy
average values of overwater mixing height, overwater

- xelative humidity,. overwater air temperature and overwater

air minus water temperature. However, in all cases, hourly
values of these parameters will be specified for use in the
model, either with actual overwater measurements or with
the xeasonable worst-case values listed in Section D.l.c.
Therefore, the climatological values input to the model
Wwill not be utilized. BAs the user must provide the
climatological data in order to keep the input records
OCDCPM is reading in proper order, the following values are
‘suggested for input:

i. Climatological values of overwater mixing height by
month: 12%250. : .

i, Climatological valdes of overwater relative humidity

by month: 12%94¢.

iii. ¢limatological values of overwater air temperature by
month: 12%294. :

iv. Climatological values of overwater air minus water
“temperatures by month: 12%2.0.
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Receptor Grid Spacing
Receptor points shall be placed as follows:
a. At 250 meter intervals on a cartesian grid. Receptors for

offshore source simulations should begin at the shoreline
and continue as far inland as necessary to cover the
area(s) of maximum impact.

b. At specific discrete points to ensure that maximum
potential impact is modeled (for example, on facility
boundary line or on sub-grid size terrain features). The
receptor grid should be large ‘enough in extent to cover
region(s) of 51gn1f1cant impact{s) .

c, Receptors shall not be placed inside the applicant's
facility boundaries. Receptors are to be placed starting
at discrete points along the facility boundary line or
along an arc 10¢ meters away from the nearest source(s),
depending on which distance is greater from the source in
question.

4. Receptor elevations are to be obtained from 7.5 minute USGS
or more detailed topographic madps.

KOCDCPM.also-allows two additional~paramete:s to be enteredwfor

each receptor location; the local slope and the slope base
elevation. ' These values should be omitted or entered as zero
(#), which will cause ‘the model to compute the terrain slopes
from elevation data and shoreline geometry for use in the OCD
computation. These parameters are not used in the COMPLEX
I/MPTER algorithms and will not be utilized if entered.

Since wind ditections are set by the user in the reasonable
worst-case data set, the user should take care to ensure that
receptors are placed at all locations likely to produce max imum
impacts due to project emissions sources. If the emissions are
all produced from a single source, or a ktight cluster of
sources, receptors should be placed at 108 meter intervals on 1
degree radials centered on the source or source cluster. 1f

_sources are more widely spaced, a cartesian grid of receptors
_will be necessary to calculate maximum impacts. This cartesian

grid should comply with the requirements ocutlined in Section
6€.VI.B.4. of this manual. In no case shall the cartesian grid

- receptors be more widely spaced than every 25¢ meters. At

District discretion, a smaller receptoxr spacing may be required
to ensure that maximum impacts are calculated., All receptor
sets must be approved by .District staff prior to initiation of
modeling.
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Shoreline Geometry

OCDCPM requires specification of the location of the shoreline
relative to source and receptor locatioms. All receptors and
sources involved in a given simulation must be within the area
specified by the shoreline geometry grid. This may require the
user to break simulations down into several shorter runs for
particular subsets of sources or receptors since the number of
map grid cells. that can be specified for a single QOCDCPM
simulation is limited.

The maximum grid cell length {horizontal or vertical) that
should be specified is one-half kilometer. Horizontal and
vertical grid cell lengths do not need ko be the same as long as
each is less than or equal to one-half kilometer. It may. be
necessary to adjust the designation (as water or land) of
individual grid cells to ensure that shoreline. receptors are
located in a cell specified as "lapd”™,

The minimum along wind width for a land or water body to be
considered significant should be set egual to the smaller of the
horizontal and vertical grid cell lengths.

Background Air Quality

. Background air quality concentrations should be determined in

accordance with the procedures and specifications ocutlined in
Section 6.II.D. and 6.II.E. of this manual.

Modifications

In order to assess cumulative air quality impacts from different

source types, modeled poliutant concentrations from point
sources and non~point sources which impact the same receptor
during a given hour are to be summed together. This will
require the use of a post-processor program and may reguire

modifications to model code to output concentrations in a format

acceptable to the post-processor. The District can provide a

. FORTRAN post-processor program that will perform this function,

along with versions of OCDCPM and ISCST that will work with the
post-processor. = Please contact District staff for further
information.
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